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ABSTRACT 
Following the May 18, 1980 eruption of Mount St. Helens, 
samples from ten stations on the Washington continental shelf 
were collected during cruises in October 1980, January 1981, 
October 1981, and January 1982, in an attempt to trace the 
movement of ash which was introduced to the Pacific Ocean by the 
Columbia River.  Prior to October 1980, ash dispersal was 
restricted to points west and southwest of the Columbia River 
mouth due to summer circulation patterns.  Five winter storms 
were probably responsible for most of the north-northwesterly 
transport of ash from October 1980 to October 1981.  The texture 
of this ash was 22.1 to 6.8 ym (5.5 to 7.2 0, equivalent 
-3 
spherical diameter; S.G. = 2.65 Mg m ) at distances as far as 84 
km from the river mouth. Finer ash (11.8 to 6.8 ym (6.4 to 
7.2 0)) was recovered 84 to 125 km from the river mouth. 
The calculated suspensate transport rate for the 22.1 to 
15.6 urn (5.5 to 6.0 0) ash is 80 km/yr (16 km/storm, October 1980 
to October 1981). Finer ash (11.8 to 6.8 ym (6.4 to 7.2 0)) was 
transported at estimated rates of 73 km/yr (14.6 km/storm, 
October 1980 to January 1981).  In general, these calculated 
transport rates are lower than the rates previously estimated by 
Sternberg and McManus (1972, 220 km/yr) and Kachel (1980, 25 to 
80 km/storm), even though the ash was finer than the "average" 
sediment upon which previous estimates were based. 
INTRODUCTION 
Terrigenous sediment provided to the ocean may travel across 
the continental shelf to the continental slope and eventually to 
the deep ocean.  This transport is induced by a combination of 
wave activity, which effects across-shelf sorting by 
preferentially carrying silt and clay offshore, and by 
near-bottom currents, which commonly result in the transport of 
sediment along the shelf (Nittrouer, 1978). 
Measured current velocities provide one means of predicting 
sediment transport rates and the general pattern of sorting which 
might result from this transport.  However, a more positive 
approach is to trace the movement of recognizable particles 
(Ingle, 1966) in order to determine actual transport rates 
associated with particles of a known size.  This is not easily 
done unless a sufficient volume of particles with unique 
characteristics is introduced to the ocean.  Through the recent 
eruption of Mount St. Helens, traceable particles have been 
introduced to the Pacific Ocean at the mouth of the Columbia 
River. 
Ash from the May 18, 1980 eruption of Mount St. Helens was 
deposited by airfall up to 644 km away from the volcano, in an 
east to northeasterly direction (Dion and Embrey, 1981).  It is 
estimated that floods and mudflows associated with this eruption 
deposited approximately 34 x 10 m of sediment in the Columbia 
River 100 to 120 km upstream from its mouth (Bechley, 1980). 
6  3 
Although about 11.5 x 10 m of this material was removed from 
the river by dredging within a year (Schuster, 1981) at least 20 
x 10 m was available for transport to the ocean. 
PURPOSE 
Volcanic ash discharged to the Pacific Ocean by the Columbia 
River should be transported across the Washington continental 
shelf, just as hydraulically equivalent non-volcanic detrital 
sediment is transported by current and wave activity.  The 
purpose of this investigation is to define in detail, the texture 
of Mount St. Helens ash transported across the Washington 
continental shelf, determine rates of transport, and delineate 
patterns of selective sorting. 
GENERAL APPROACH 
Glass shards from the May 18, 1980 eruption of Mount St. 
Helens are the recognizable particles which were used to trace 
the movement of sediment across the Washington shelf.  Samples 
were taken from ten sample sites (Fig. 1) along the Mid-Shelf 
Silt Deposit (Nittrouer, 1978) on four different cruises (October 
1980, January 1981, October 1981, January 1982), so that the 
movement of glass shards could be traced from cruise to cruise. 
Core locations and detailed sampling procedures are given in 
Appendices 1 and 2A. 
Glass particles were removed from each sample by a heavy 
liquid separation.  Microscopic examination showed that glass 
shards were not present in the greater than 125 ym (< 30) 
fraction of each sample (Appendix 2B).  Therefore, the 125 to 
3.9 ym (3.0 to 8.0 0) fraction of the low-density (12.51 Mg m ) 
sediment was sized in an automated settling tube (Appendix 2C) so 
that size data could be used to interpret the behavior of 
hydraulically equivalent non-volcanic sediment during transport. 
The size analysis data were treated by R-mode factor analysis 
(see Appendix 2D for detailed discussion), and a t-test was used 
to determine which sample(s) at each station had factor scores 
which differed significantly (90 or 95 percent confidence level) 
«r 
47« 
Figure 1. Sample station locations (Mid-Shelf Silt 
Deposit as outlined by Nittrouer, 1978, is 
indicated). 
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from each other.  Significant increases in factor scores 
corresponded with frequency weight percent increases for size 
ranges emphasized by those factors.  The significant differences 
were interpreted to indicate the arrival (and/or loss) of 1980 
Mount St. Helens' ash. 
Because the study area was described by Harmon (1972) as 
having a high (background) content of pumice and siliceous 
biogenic material, quantitative microscopic examination (point 
counting) was used to independently determine the arrival of 1980 
glass at particular stations (Appendix 2E).  The 1980 glass was 
optically indistinguishable from older glass, so siliceous 
biogenic material in the low-density fraction was used as an 
"internal standard", to determine changes in the relative 
percentages of glass shards for the four samples from each 
station. 
In addition to these studies, a portion of each sample was 
sized using standard sieve and pipet analysis in order to 
determine whether the gross percentages of sand, silt, and clay 
present in each sample changed from cruise to cruise (Appendix 
2F).  This was done because large textural changes between 
samples within a single station may reflect the arrival of ash of 
a particular size. This analysis of the entire size range 
differs from the settling tube analysis which is only concerned 
_3 
with the low-density (£2,51 Mg m ) sediment in the 125 to 
3.9 ym (3.0 to 8.0 0)   size fraction of each sample. 
BACKGROUND 
Columbia River Discharge and Sediments 
The Columbia River is the major source of sediment for the 
7 
Washington continental shelf.  It discharges approximately 10 
metric tons of sediment to the ocean per year (Van Winkle, 1914; 
Judson and Ritter, 1964; Haushild, et al., 1966).  The amount of 
sediment which accumulates on the Washington shelf is at least 50 
percent of the annual discharge (Nittrouer and Sternberg, 1981). 
The Columbia River is 1930 km long and its drainage basin 
2 
covers an area of about 670,000 km  (Fig. 2; Duxbury, et al., 
1966).  Its largest tributary is the Snake River.  The Cowlitz 
River and Willamette River are also important contributors of 
suspended sediment to the Columbia River (Budinger, et al., 
1964).  The north and south forks of the Toutle River flow from 
2 2 the slopes of Mount St. Helens and drain 785 km and 334 km , 
respectively (Fig. 3). The Toutle River drains a total of 1326 
2 
km and flows westward into the Cowlitz River (Cummans, 1980). 
Maximum water and sediment discharge of these and other 
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Figure 3. Map showing river systems in the vicinity of Mount St. 
Helens (from Lombard and others, 1981). 
spring and early summer in response to the snow melt.  Sediment 
which is transported solely as suspended load is rarely affected 
by dams in the Columbia and Snake Rivers, unlike coarser sediment 
which is deposited behind the dams temporarily until it is 
resuspended during high water in late spring and early summer and 
discharged into the Pacific Ocean (Whetten, et al., 1969). 
Roy and others (1979) found that sediment texture varies 
seasonally in the Columbia River estuary and seaward of its mouth 
due to seasonal variations in river discharge.  In the early 
summer, which is characterized by the highest flow of the 
Columbia River, 250 ym (2.0 0)   sediment dominates the main 
channel bottom sediments. Nearer to the Columbia River mouth, 
177 ym (2.5 0)   is the modal size class, and the offshore shelf 
region is dominated by 149 ym (2.75 0)   sediment. Also, 44 ym 
(4.5 0)   sediment is found in Baker Bay (Fig. 1) within the 
estuary and offshore on the shelf, near the river mouth, as a 
secondary mode. 
During the spring, the dominant sediments in the main 
channel and near the river mouth are still 250 ym (2.0 0)   and 
177 ym (2.5 0), respectively, but a coarser mode (125 ym; 
3.0 0)   is dominant offshore and is also found in patches in the 
estuary. Factor analysis of spring data, did not define the 
11 
factor representing 44 ym (4.5 0) modal size class (Roy, et al., 
1979). 
The Columbia River also experiences high flow in winter due 
to runoff resulting from high rainfall.  Dominant sediments in 
the main channel and estuary are 250 ym (2.0 0)   and 177 jjm 
(2.5 0) , whereas 125 ym (3.0 0) sediment is no longer found in 
the estuary but still dominates the offshore region (Roy, et al., 
1979). 
Circulation Patterns; Washington Shelf 
General circulation over the Washington continental shelf is 
discussed by Hopkins (1971) and Smith and Hopkins (1972). The 
West Wind Drift diverges about 500 km west of the Washington 
coast into the Alaska Current (northward-flowing) and the 
California Current (southwestward-flowing). A mean low-pressure 
cell which develops over the Gulf of Alaska in winter causes a 
change in the dominant wind direction off the Washington coast 
from northerly during the summer to southerly or southwesterly in 
winter. 
The Davidson Current is a poleward surface flow near the 
coast which develops during autumn and winter and ceases in late 
spring. Hickey (1979) suggested that the Davidson Current is a 
surface expression of the California Undercurrent which is a 
12 
poleward current which flows inshore of the California Current 
(i.e. landward of the continental slope).  Bottom water on the 
shelf flows predominantly to the north both winter and summer, 
although wind stress induces northerly movement of surface water 
in the winter and southerly movement during the summer (Hopkins, 
1971; Smith and Hopkins, 1972). 
According to Hopkins (1971), southerly storm winds in winter 
cause onshore Ekman transport in the surface layer. Because 
water piles up along the coast, a seaward pressure gradient is 
created and downwelling of surface water near the coast occurs. 
Surface circulation in the summer is reversed due to northerly 
winds which cause offshore transport at the surface and result in 
upwelling near the coast. 
Circulation over the Washington shelf is reviewed by 
Budinger and others (1964) and by Barnes and others (1972) .  The 
Columbia River effluent distribution is described by two seasonal 
patterns (Barnes, et al., 1972). During the winter, fresh water 
effluent is positioned nearshore and north of the Columbia River 
mouth due to southerly winds and landward transport of surface 
waters.  Northerly summer winds and associated upwelling carry 
fresh water offshore and south of the river mouth (Fig. 2). 
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Sediment Transport: Washington Shelf 
Current meter data (Hopkins, 1971) show that, on average, 
near-bottom currents (3 m off the bottom at a depth of 80 m) move 
northward and slightly offshore over the entire year.  Speeds 
range from 5 cm/sec up to 70 cm/sec during storms (Fig. 4). 
Sternberg and Larsen (1976) found that mean currents and 
wave-induced motion exceed the sediment motion threshold (taken 
to be 40 cm/sec) 22 days/yr and 53 days/yr, respectively (Figs. 5 
and 6).  Sternberg and McManus (1972) found that bottom current 
velocity vectors exceeding 40 cm/sec show a net northerly 
direction on the continental shelf, and they inferred northerly 
sediment movement in response to the flow of bottom water.  Smith 
and Hopkins (1972) estimated that an "average sedimentary 
particle" has a longshore transport rate of 40 km/yr in a 
northerly direction and an offshore component of movement of 7 
km/yr. 
Smith and Hopkins (1972) assumed that the entire silt size 
range (63 to 4 urn) could be represented by one critical shear 
2 
stress (1.7 dynes/cm /sec), because a broad silt distribution (no 
well-defined silt size class) occurred in bottom samples. The 
size data suggested that no selective transport occurs within 
this size range.  However, Smith and Hopkins (1972) suggested 
that the net transport of a silt particle (suspended load) is 
14 
Figure 4.  Bottom current velocity data of Hopkins. 
Vector lengths represent percent of month 
that a current of a given direction and 
speed increment occurred (from Sternberg 
and McManus, 1972). 
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twice as great as that of fine sand (bed load; sediment with a 
mode ranging from 88 m to 125 pm; 3.5 to 3.0 0).     Gross and 
Nelson (1966) suggested rates of transport similar to those of 
Smith and Hopkins (1972), concluding that silt particles are 
transported 12 to 30 km/yr to the north alongshore and 2.5 to 10 
km/yr offshore. 
Kachel (1980) proposed a model for sediment transport on 
continental shelves using the Washington shelf as a specific 
case.  She concluded that suspended load (which includes 
particles finer than 88 ym; 3.5 J3) travels an average distance of 
25 to 80 km at a bearing about 16° west of the isobaths during a 
standard storm (geostrophic current velocities up to 100 cm/sec). 
Kachel (1980) further estimated that sediment traveling as 
bedload, which includes particles 88 urn (3.5 0) and coarser, is 
transported only 60 to 140 m on a bearing 23 to 28° offshore. 
The model further predicts that for a large storm (geostrophic 
velocities between 100 and 170 cm/sec), the suspended load can be 
carried up to 330 km in a direction 17° offshore, while the 
bedload moves 585 m in a direction 26° offshore.  The suspended 
load during a large storm includes 63 to 88 Urn (4.0 to 3.5 0) 
sediment which is not carried as far as the rest of the suspended 
load.  Kachel, like Smith and Hopkins (1972), assumed one 
18 
2 
critical shear stress (1.7 dynes/cm /sec) for all silt-sized 
particles. 
The findings of Kachel (1980) are similar but more refined 
than the observations of Sternberg and McManus (1972) which 
suggested that sediment is transported 35 km alongshore and 12 km 
offshore per storm.  Sternberg and McManus (1972) also suggested 
that an average silt particle could move 220 km/yr to the 
northwest assuming six storms in an average year. 
A summary of the transport rates given by various authors 
discussed above is presented in Table 1. 
Continental Shelf Bottom Sediment 
Forty to seventy percent of the central shelf sediment 
consists of silt (Creager and Sternberg, 1972) defining a 
north-northwestward-trending deposit known as the Mid-Shelf Silt 
Deposit (Fig. 7). This deposit coarsens vertically downward and 
fines along its axis away from the Columbia River (Nittrouer, 
1978). These silts, which range in mean size from 44 to 21 m 
(4.5 to 5.6 0), occur in water depths greater than 90 meters 
(Gross, et al., 1967).  Use of Pb-210 geochronology indicates 
_2 
that accumulation rates along this deposit decrease (75 x 10  to 
-2     2 25 x 10  mg/cm /yr) with increasing distance from the Columbia 
River (Fig. 8; Nittrouer, 1978; Nittrouer, et al., 1979). 
19 
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Table 1. Sediment transport rates reported by other investi- 
gators, for the Washington continental shelf. 
20 
124° 
Figure 7. Silt distribution in surface sediments 
on the Washington-Oregon shelf (from 
McManus, 1972). 
21 
Figure  8.   Accumulation rates on the continental  shelf 
off Washington   (from Nittrouer and others, 
1979). 22 
Parallel to this silt deposit, in water depths less than 90 
meters, fine (modern) sand occurs which ranges in mean size from 
80 to 180 ym (3.65 to 2.50 0) ; Fig. 9; Gross, et al., 1967; 
Nittrouer, 1978).  Palimpsest sand with a thin covering of modern 
sediment is found on the outer shelf (greater than 120 m water 
depth). 
Biological mixing affects sedimentary strata on the 
Washington shelf.  Nittrouer and Sternberg (in preparation) and 
Nittrouer and others (in preparation) found that bioturbation is 
common in water depths greater than 40 to 60 m and is pronounced 
in the upper 10 to 15 cm of the sediment column. 
The mineralogy of the Washington shelf is discussed by 
Scheidegger and others (1971), Venkatarathnam and McManus (1972), 
and White (1970).  Observed heavy minerals are dominated by 
orthopyroxenes, clinopyroxenes, amphiboles, and rock fragments. 
Present in small amounts are micas and accessory minerals such as 
epidote, garnet, olivine, opaques, sphene, zircon, and 
glauconite.  Glauconite sediments occur mainly as pellets (White, 
1968). Quartz, plagioclase, and lithic fragments are the 
dominant light minerals (Scheidegger, et al., 1971; White, 1970). 
Biogenic sediment associated with river-borne particles 
accumulates on the middle shelf north of the Columbia River mouth 
along the Mid-Shelf Silt Deposit (Harmon, 1972).  Harmon (1972) 
23 
Dominant Modal Grain Sizes 
(from Q-mode factor analysis) 
Figure 9. Textures of surface sediments on the 
Washington shelf according to modal grain 
sizes (from Nittrouer, 1978). 
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also observed pumice fragments on the Washington shelf, noting 
that high concentrations of pumice were typical of the middle 
shelf (Fig. 10). 
Mount St. Helens Ash: Airfall Distribution 
Studies of the ash which was ejected during the major 
eruption of Mount St. Helens indicate that the plume which 
penetrated the stratosphere ( >12 km) on May 18, 1980 flowed 
horizontally with jet stream winds (Danielsen, 1981).  The upper 
portion moved slowly to the north-northwest and the lower portion 
(lower stratosphere (12 to 16 km) and upper troposphere (10 to 12 
km) moved towards the southeast (Fig. 11).  Material from the 
following eruptions (May 27 - June 13, 1980) was confined to the 
troposphere ( <12 km). The stratospheric portion of the cloud 
that drifted eastward circled the earth in about 16 days 
(Danielsen, 1981). 
East of Mount St.Helens, ash-fall depths generally decreased 
(60 to 0 mm) away from the volcano with the exception of 
Ritzville, Washington which had ash-fall depths up to 50 mm (Dion 
and Embrey, 1981; Fig. 12).  The May 18 eruption is the only 
eruption which resulted in significant deposition of material 




Figure 10. Map showing area (border 
between II and IV) of high 
pumice content (amount un- 
specified) on the Washington 
shelf (from Harmon, 1972). 
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•lll\2,/,    ... 
Figure 11. Trajectories of material from the May 18, 1980 eruption in the 
(A) upper troposphere and lower stratosphere (B) lower mid- 
stratosphere (from Danielsen, 1981). 
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Figure 12. Distribution of ash Pall from the May 18, 1980 eruption of 
Mount St. Helens (from Dion and Embrey, 1981). 
(Kuntz, et al., 1981).  There was no evidence that air-fall ash 
was deposited near the Washington coast. 
The May 25 eruption resulted in deposition of air-fall ash 
to the west and northwest of the volcano (Sarna-Wojcicki, et al., 
1981b; Fig. 13). Aberdeen, Washington was covered with a 0.3 to 
0.5 mm thick ash layer, and traces of ash accumulated as far as 
240 km to the northwest reaching most areas of the Olympic 
Peninsula. 
Since the May 25 air-fall ash deposits were found only in 
trace amounts near the Washington coast, and were insignificant 
(in volume) compared to the ash-fall deposits (confined to areas 
east of the volcano) of the May 18 eruption, it is doubtful that 
these later deposits made any significant contribution to the 
shelf.  In any case, air-fall ash is not a major concern because 
a comparison of samples from the last 3 cruises with data from 
the first cruise is the basis for determining the arrival of 
water-dispersed ash at a particular station. 
Characteristics of Mount St. Helens Ash 
Fruchter and others (1980) reported on the chemical 
composition of the (air-fall) ash which varied with distance from 
Mount St. Helens (Table 2). The most notable trends are the 
29 




Figure 13. Map showing air-fall ash thickness (in mm) 
from the May 25, 1980 eruption (o - mea- 
surable amount; + - trace; x - none; wind 
directions predicted for various altitudes 
(in meters) are shown in the circle diagram; 















































SiO,(nol 68.2 67.2 65.0 * 3.3 63.6 
free silica) 
AI,Oa 18.0 17.4 17.4 16.4 17.1 17.2 16.1 16.2 16.3 16.9 2: 0.7 16.7 
Pe,Oj 5.24 6.64 5.59 5.61 4.99 4.22 3.69 3.56 3.76 4.81 4   1.1 5.3 
Cat) 5.14 6.57 5.74 5.55 4.74 4.77 3.71 4.00 4.20 4.94 * 0.92 5.5 
Ma,0 4.57 4.35 4.49 4.83 4.56 4.42 4.85 4.52 4.52 4.57 ± 0.17 4.0 
Mg(> 2.70 4.10 2.80 2.77 1.84 1.61 1.28 1.33 1.48 2.21 £ 0.94 2.1 
K.n 1.31 0.HH 1.25 1.56 1.55 1.60 1.75 1.69 1.66 1.47 2:0.28 1.4 
TiU, 0.70 0.88 0.83 0.85 0.68 0.63 0.53 0.55 0.58 0.69 2: 013 0.60 
F.O.t 0.23 (0 37) 0.33 0.4h 0.32 (0.37) 0.39 0.48 (0.37) 0.37 = 0.09 0.2 
MnO 0.093 0.12 0.092 0.087 0.077 0.067 0.063 0.063 0.064 0.077 ± 0.020 0.076 
Weight loss 0.51 (0.56) 0.62 (0.56) 0.35 (0.56) 0.55 (0.56) 0.78 0.56 2 0.16 
on ignition} 
Total 103.1 101.3 100.4 99.0 103.1 103.7 100.1 101.1 100.8 101.6 99.5 
'Distance from Muunl St. Helens.       tPaia are from Noekolds (/).       1 Number* in parentheses arc taken from average of other samples. 
Table 2. Percentages of major elements found in Mount St, 
and others, 1980). 
Helens ash (from Fruchter 
increase in Si and decrease in Fe, Ca, Mg, Ti, and Mn with 
increasing distance from the volcano. 
The amorphous portion of the ash also varied with distance, 
becoming increasingly glassy away from the volcano (Fruchter, et 
al., 1980; Sarna-Wojcicki, et al., 1981b). Ash from eastern 
Washington (378 km away) to Missoula, Montana (644 km away) 
consisted of about 80 percent glass. Feldspar and pyroxene made 
up the remaining fraction.  Crystalline pyroclastic debris was 
concentrated near the volcano ( <244 km away), and contained 
plagioclase feldspar (andesine), orthopyroxene (hypersthene), 
titanium-bearing magnetite, glass, hornblende, and biotite in 
order of decreasing abundance.  In most samples the amount of 
free silica (quartz, cristobalite, or trydimite) was less than 1 
to 3 percent (Fruchter, et al., 1980). 
Deposits located between 98 and 644 km away from Mount St. 
Helens varied from submicrometer fragments of titanium-bearing 
magnetite, plagioclase, and glass to pumice particles up to 0.5 
mm (1.0 0) in diameter (Fruchter, et al., 1980).  These large 
pumice particles were also common within 98 km of Mount St. 
Helens and were very porous. They consisted predominantly of 
glassy aluminum silicates in which Ti, Fe, K, Na, and Ca occurred 
in varying amounts.  Small pumice particles occurred in minor 
amounts in the ash which fell at distances of 242 km or more from 
32 
the volcano (Fruchter, et al., 1980). According to 
Sarna-Wojcicki and others (1981a), the pumice fraction of the 
air-fall tephra (which includes glass shards) is composed mainly 
of juvenile material. 
Size analyses by Fruchter and others (1980) indicated that 
the air-fall ash had a bimodal size distribution (Fig. 14).  Most 
samples within 224 km of the mountain had a modal size greater 
than 150 ym ( <2.75 0) , and had a secondary mode between 20 and 
45 ym (5.6 to 4.5 0).  Samples at greater distances exhibited the 
primary mode between 20 and 45 ym (5.6 to 4.5 (I), and had a 
secondary mode between 47 and 75 ym (4.4 to 3.75 0) .  It is also 
evident that the mean particle size of the ash decreased with 
distance from Mount St. Helens. Material in the 3.5 to 20.0 ym 
(8.2 to 5.6 0) and <3.5 ym (> 8.2 0) size fractions at each 
location made up about 1 to 3 percent of the ash by weight. 
According to Fruchter and others (1980) the bimodal nature 
of the samples suggests that two different types of material are 
present: fresh magmatic material and older, lithified material 
which was ejected in the eruption. The presence of two different 
types of material was corroborated by Hooper and others (1980) 
who reported that within nineteen hours of the May 18 eruption, 
two distinct ashes fell in Pullman, Washington (388 km away from 
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Figure 14. Histograms of size fraction percentages (by weight) of ash sampled across 
Washington and in Montana after the May 18, 1980 eruption (from Pruchter 
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plagioclase and glass-plagioclase lithic fragments, with 
titanium-bearing magnetite and some hornblende and orthopyroxene. 
The second ash made up four-fifths of the total fallout by 
weight. This pale ash was largely glass (80 percent) having 
plagioclase as its major crystalline phase. 
The Columbia River and Plume:  Effects of the May 18 Eruption 
According to Schuster (1981), sediment deposited by a 
mudflow where the Cowlitz River empties into the Columbia River 
was made up of pumiceous gravels and sands which were left behind 
as silt and clay were preferentially transported downriver to the 
Pacific Ocean.  (Similarities exist with these observations and 
the observations by Davies and others (1980) in a study done in 
Guatamala after the eruption of Volcano Fuego. They noted that 
mean grain size had a pronounced decrease downstream, and that as 
transport distance increased, sorting improved. Also, lithic 
fragments broke down as they traveled resulting in an abundance 
of free crystals downstream. 
Studies undertaken to trace the Columbia River plume 
following the May 18 eruption showed that sediment concentrations 
exceeded 80 mg/1 in the Columbia River estuary near its mouth 
during May, 1980 (Baker, et al., 1980, 1981; Baker and Curl, 
1981). 
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Seaward of the Columbia River mouth, the plume moved to the 
southwest in response to weak northwesterly winds during May, 
1980.  Concentrations in the plume during this time period (Fig. 
15) ranged from 80 mg/1 to approximately 2 mg/1 at respective 
distances ranging from 3 km southwest of the river mouth to 60 
km, along the axis of the plume.  Concentrations at these same 
locations during July, 1980 (Fig. 16) were 15 mg/1 and 1 mg/1 and 
during August, 1980 (Fig. 17) were <3 mg/1 (Baker, et al., 1980; 
Baker and Curl, 1981).  These observations indicate that no 
northwesterly transport of sediment occurred during the summer of 
1980 which would affect the rates of sediment transport 
calculated in this study. 
Due to the fact that Columbia River runoff was below typical 
runoff rates for the months of May, July, and August, an 
3   -1    -1 
anomalously low value of 50 m sec /mg 1  was obtained for the 
ratio of river discharge to the suspended particulate matter 
concentration (Baker and Curl, 1981). The typical range for this 
3   -1    -1 
ratio is 400 to 900 m sec /mg 1  according to Conomos and 
Gross (1972). 
According to Baker and others (1981), the chemical 
composition of ash from Moscow, Idaho (reported by the U.S.G.S.) 
and the composition of suspended particulate matter collected in 
1971 from the Columbia River estuary (Baker, 1971) are similar. 
36 
124 *40 -    IMTQ-    IW»- II4-I0-   IWW 
Figure 15. Surface water suspended 
particulate matter con- 
centration (mg 1~1) for 
May 29 to June 2, 1980 
(from Baker and Curl, 
1981). 
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Figure 16. Surface water suspended 
particulate matter con- 
centration (mg l"-*-) for 
July 8-11, 1980 (from 
Baker and Curl, 1981). 
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Figure 17. Surface water suspended 
particulate matter con- 
centration (nig 1  ) for 
August 24-28, 1980 (from 
Baker and Curl, 1981). 
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That the compositions of the ash and western Washington detrital 
sediments are similar is corroborated by J. S. Creager (personal 
communication) who found no recognizable ash layers in Columbia 
River sediments following the May 18, 1980 eruption. 
Storm Events Affecting the Shelf Following the May 18 Eruption 
In order to compare sediment transport rates resulting from 
this study with the work of other authors (Gross and Nelson, 
1966; Smith and Hopkins, 1972; Sternberg and McManus, 1972; 
Kachel, 1980), it is necessary to report yearly rates as well as 
distance traveled per storm. Therefore, it is necessary to know 
the number of storms which occurred during the time period of 
this study (May, 1980 to January, 1982). 
Upwelling indicies which are related to wind stress have 
been calculated using atmospheric pressure data (Bakun, 1975). 
Values for upwelling indicies for 1980 to 1982 were used to 
estimate the number of storm events during this time period 
3 (Table 3). An upwelling index value of -200 m /sec per 100 m of 
coastline was selected to represent a storm by comparing the 
upwelling indicies reported by Bakun (1975) for 1967 through 1969 
with the number days per month the sediment motion threshold was 
exceeded during that time period due to bottom currents (Fig. 5), 
as reported by Sternberg and Larsen (1976) from current matter 
40 
TIME PERIOD DATE OP STORM 
UPWELLING INDICES 
3 




5/80 to 10/80 0 
10/80 to 1/81 
10/30 to 11/7 
12/20 to 12/26 
l/l4 to 1/21 
-256 to -244 
-223 to -397 
-285 to -424 
3 
1/81 to 10/81 2/12 to 2/18 
10/5 
-238 to -308 
-492 
2 
10/81 to 1/82 
11/10 to 11/14 
11/18 to 11/20 
12/4 to 12/5 
12/13 to 12/18 
-424 to -361 
-244 to -300 
-571 to -238 
-254 to -568 
4 
'Pablo   ?,.   Storm  evdiits  between   May   1980  and   January   L982   bas;ed  on 
ujiwtiL.'l Lncj   indices. 
data by Hopkins (1971).  Although upwelling indices of -190 and 
3 
-191 m /sec per 100 m of coastline were recorded for some days in 
a week long storm event in December, 1967, upwelling indices of 
3 
-204 m /sec per 100 m of coastline in October, 1967 were 
calculated which did not represent a period of storm activity 
(Sternberg and Larsen, 1976).  In light of these findings, an 
3 
upwelling index value of -200 m /sec/100 m was taken as the lower 
threshold for storm conditions. 
The number of storms which occurred during the time period 
between each cruise, based on upwelling indicies for Newport, 
Oregon from 1980 to 1982, are listed in Table 3. The storm which 
occurred November 10 to 14, 1981, and was indicated by upwelling 
3 
indices of -424 to -361 m /sec/100 m of coastline (Table 3) is 
also evident from current meter data near the edge of the 
Washington shelf (B. M. Hickey, personal communication). The 
current records show a major event in which currents continuously 
exceeded 40 cm/sec (maximum values = 90 cm/sec) from November 8 
to 15. 
Since there were no major storm events prior to the first 
cruise, it is unlikely that northerly sediment transport occurred 
before this time, which would have to be considered in the 
calculation of transport rates. 
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RESULTS 
General Trends in Ash Dispersal:  Point Count Data 
Preliminary microscopic examination of the samples showed 
that glass shards were the only recognizable particles which 
could be used to trace Mount St. Helens ash. These shards could 
be extracted from the bulk sample by a heavy liquid (2.51 
specific gravity) separation.  However, it was evident from early 
separations that abundance (percentage) of the low-density 
fraction alone could not be used to define the arrival of ash, 
because the float also contained both biogenic particles and 
rounded particles with a glassy groundmass (which may have 
originated from other volcanic sources within the Columbia River 
basin). 
According to Baker and others (1980), x-ray fluorescence 
showed that the composition of Mount St. Helens ash was similar 
to the USGS standard andesite.  Therefore, tracing of the ash 
chemically was not feasible, because andesite is typical of 
Cascade volcanics from which most Columbia River sediments are 
derived.  Mineralogical analyses would also be difficult for the 
same reason. 
The presence of glass shards along the mid-shelf prior to 
the May 1980 eruption (Harmon, 1972) made identification of the 
43 
most recent Mount St. Helens glass shards difficult.  To 
determine the arrival of 1980 glass, point counts of the relative 
percentages of glass shards, biogenic particles and other 
volcanic particles (Figures 18 to 20) were made, using cruise 1 
(October 1980) as a background for comparison with the following 
cruises. 
The percentage of glass shards (based on point counts; 
Appendix 6) at each station from the four cruises (October 1980, 
January 1981, October 1981, January 1982) is shown in Figure 21. 
In general, these data suggest that the proportion of glass 
shards decreases from station 1 (> 26 percent) to station 10 
( <11 percent; except for cruise 3).  This pattern may be related 
to an increase in biogenic material with increasing water depth 
(noted by Harmon, 1972; Fig. 22), but also probably reflects the 
effects of detrital dispersal from the Columbia River point 
source. 
The percentages of glass shards at most stations increased 
from October 1980 (cruise 1, background) to October 1981 (cruise 
3; Fig. 21), although not uniformly.  This pattern indicates 
dispersal of ash along the shelf during the winter and spring of 
1980-1981.  At several stations (3, 5, 6, 7, 9, 10) the shard 
content does not increase further, but exhibits a slight decrease 
by cruise 4. 
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Figure 18. Photomicrograph of a typical glass shard 
present in the sample from October 1980 
at station 1 (400x magnification). 
45 
Figure 19. Photomicrograph of biogenic material and 
glass shards present in the sample from 
January 1981, at station 5 (400x magnifi- 
cation) . 
46 
Figure 20. Photomicrograph of volcanic material of 
unknown origin present in the sample from 
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Figure '.12. Average percentage of diatoms at each station 
based on point counts. 
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Statistically Distinguishable Samples: Point Count Data 
One method used to ascertain that ash had arrived at a 
particular station in the period between two cruises, required 
that a statistically significant change in the glass shard 
content from the previous cruise be established.  The method used 
(X2-test) to test the point count data is discussed in Appendix 
2E.  Significant (90 percent level) increases were noted at 
stations 2 and 5 for cruise 2 (January 1981; W8101A), and at 
stations 3 (90 percent level) and 10 (95 percent level) for 
cruise 3 (October 1981; TT162; Fig. 21). 
No significant difference exists for samples from stations 7 
and 8 based on a x2-test.  However, glass shard content may be 
lower than expected for samples C3-7 and C3-8 collected in 
October 1981 due to problems encountered during sampling (see 
Appendix 2A).  As a result, samples C3-7 and C3-8 failed to show 
a significant (75% level) increase in glass shards by 0.21 and 
0.01 percent, respectively. Therefore, although they are not 
statistically defined, samples C3-7 and C3-8 contain a sufficient 
quantity of glass shards to suggest the arrival of ash at 
stations 7 and 8 by October 1981. 
Based on the point count results, ash was demonstrably 
present at station 2 by the first cruise and appeared at station 
5 by January 1981, and at stations 3 and 10, and perhaps at 7 and 
50 
8 by October 1981.  A summary of these results is given in Table 
4. 
Size Analysis:  Settling Tube 
The arrival of glass particles at particular stations should 
also be reflected in the size distributions of the low-density 
material in shelf samples which is otherwise comprised largely of 
biogenic material and pumice (Harmon, 1972). Any substantial 
increase in the frequency weight percent values for sizes in a 
particular range of the distribution would infer the arrival of 
ash. 
Because nearly all of the ash occurred in the range 125 to 
7.8 ym (3.0 to 7.0 0), size analyses were run on the 177 to 
4.0 ym (2.5 to 8.0 0) fraction.  Data from the detailed size 
analyses (110 size classes) of the low-density fraction (which 
includes glass shards, biogenic fragments, and other volcanic 
sediment) from each sample are presented in Appendix 4A. 
Statistical analyses of these textural data and R-mode factor 
analyses are given in Appendices 4B and 5. 
Biogenic Material in the Low-Density Fraction 
Figure 23 is a plot of frequency weight percent versus size 
at station 1 for the first three cruises (October 1980, January 
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C'l-10 10.75 »» C3-10 18.25 
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Table 4. Samples with significant increases or decreases in glass shard 
content. 
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mode at 25 ym (5.3 0) ,  and a less important mode in the 7.8 to 
4.0 um (7.0 to 8.0 0)   range. This secondary mode is also seen at 
other stations (4, 5, 7, 8, 9) and can be largely attributed to 
biogenic material which was observed microscopically in 
separations of this size fraction (Fig. 24). 
Sediment at stations 8 through 10 is composed of at least 60 
percent biogenic material (Fig. 22).  This fact suggests that 
much of the material in the 88 to 13.6 um (3.5 to 6.2 0)   size 
class (as well as the 7.8 to 4.0 um or 7.0 to 8.0 0  fraction) is 
not volcanic at stations 8 to 10, but biogenic. 
R-mode Factor Analysis 
The sediment sizes represented by factors 1 through 4 from 
R-mode factor analysis of the settling tube data are summarized 
in Table 5.  Comparison of these results with the size 
distributions for each sample showed that a negative factor 
coefficient reflected a lack of sediment in the size class it 
represented.  In other words, size classes with negative 
coefficients had one of the lowest (in most cases the lowest) 
frequency weight percent values out of the four samples taken at 
each station.  Conversely, a positive factor coefficient 
reflected an abundance of sediment in the associated size class. 
Since the size classes with positive coefficients are 
54 
Figure 24. SEM micrograph showing large 
amounts of biogenic material in 
the 7.8 to 3.9 (Jm (7.0 to 8.0 0) 
size fraction from sample Cl-5 




PERCENT OF TOTAL 
VARIABILITY 
ACCOUNTED FOR 






1 38.2 11.8 to 6.8 yum (6.4 to 7.2 0) 
38.5 to 29.2 Aim 
(4.7 to 5.1 0) 
2 3k. k 22.1 to 15.6 A»m (5-5 to 6.0 0) 76.9 to 50.8 ,um (3.7 to 4.3 0) 
3 13.0 5.2  to ^.5 Aim 
"(7.6 to 7.8 0) 
4 5-2 9^.7 to 88.4 urn (3-4 to 3-5 0) 
Table 5. Size classes emphasized (factor coefficients SO. 80) by factors 
from R-tnode analysis. 
representative of an abundance of material, they are more likely 
to represent the arrival of ash, and will be considered in the 
discussion of each factor as it applies to each sample. 
The results indicate that factors 3 and 4 represent end 
members (5.2 to 4.5 ym; 95 to 88 ym) of the size distributions. 
Since they account for only 13 and 5.2 percent of the total 
variability, respectively, and do not represent ash-dominated 
fractions, discussion of factors 3 and 4 is unnecessary to this 
study of ash dispersal. 
Factor 1 accounted for 38.2 percent of the total variability 
and emphasized the 11.8 to 6.8 ym (6.4 to 7.2 0) size class.  The 
highest factor 1 scores appeared at station 2 (Fig. 25). Because 
Baker and others (1980, 1981) and Baker and Curl (1981) reported 
high suspended particulate matter concentrations in this area 
during May, July, and August (Figs. 15 to 17), the size 
distributions for station 2 are taken to be representative of the 
1980 Mount St. Helens ash contribution to the shelf. 
Factor 2 represents the 22.1 to 15.6 ym (5.5 to 6.0 0) size 
class and accounts for 34.4 percent of the variability.  The 
highest factor scores appeared at station 1 (Fig. 26). Ash is 
known to have arrived at this station shortly after the 1980 
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Therefore, factor 2 is also indicative of Mount St. Helens ash, 
although it reflects a coarser contribution than factor 1. 
Statistically Distinguishable Samples:  Size Analysis Data 
Kelley and McManus (1970) ran a hierarchical analysis of 
variance on textural variables to determine the between station 
and within station variability for the Washington shelf.  They 
concluded that the within station variance was insignificant 
relative to the between station variance.  In that study, the 
distance between traverses was about 4 km and stations along 
traverses were separated by a minimum of 2 km.  Based on these 
results, local variability was considered to be insignificant and 
therefore replicate sampling on any one cruise was of no value. 
A significant error variance, however, may have been introduced 
by the inability to relocate and sample the same exact (10) 
locations on each of the four cruises.  To assess the error 
variance (that is, some combination of actual local textural 
variability, sampling effects, seasonal variability, and 
inability to resample at exactly the same location on the various 
cruises), R-mode factor scores based on settling tube data were 
analyzed to determine textural variability within each station. 
Standard deviations for pairs of samples, which did not contain 
ash (samples 6 through 10 for cruises 1 and 2) according to point 
counts, were arranged to determine the error variance. The error 
60 
variance calculated for each factor was used to test whether 
samples differed from each other at a 95 percent or 90 percent 
confidence level by a modified acceptance sampling procedure 
(Appendix 2D). 
For factors 1 and 2, the samples which had the highest score 
at each station are listed in Table 6.  Figures 25 and 26 
indicate which samples within each station had factor scores 
which differed significantly (95 percent confidence level) from 
each other. 
Ash Arrival;  Size Analysis Results 
At station 1 (Fig. 23) the sample taken in October 1980 
(Cl-1) had a strong mode at 25.4 ym (5.3 0) and a secondary mode 
(discussed earlier) in the 7.8 to 4.0 ym (7.0 to 8.0 0) size 
range which is comprised largely of biogenic material. This 
sample has a high factor 2 score (1.000) emphasizing the 
dominance of 22.1 to 15.6 ym (5.5 to 6.0 0) sediment.  The sample 
taken during cruise 2 (C2-1; January 1981) shows a broader 
distribution, with more sediment in the 18.0 to 5.9 ym (5.8 to 
7.4 0) size range. The broad distribution is reflected in the 
high scores (.6672, .7954) this sample had for both factors 1 and 
2 (Table 6) , although there was a significant (95% level) 
decrease in the glass shard content for sample C2-1 (Fig. 21). 
61 
SAMPLES WIT> 
FACTOR 1 SC 




SAMPLES WITH HIGH 
FACTOR 2 SCORES 
CRUISE STATION (SCORE) 
i 
i 
C2 i 1** (.6672) Cl l** (1.000) 
C2:2* (1.000) C3 2 (.5490) 
C3J3** (.8727) C3 (.6607) 
C3 |4 (.6609) C3|4 (-3867) 
C2:5** (.7^22) C3J5 (-5558) 
C2 6** (.4546) Cl 6**   I(.4643) 
1 
C3 7** (.1+567) C3 7*    1(.2738) 
C3!8** (.6840) C3 8     |(.4517) 
C3 9 (.5770) C3:9     j(.5070) 
C4 10** (.7222) C4|l0    ((.4952) 
* The factor scores for these samples were significantly 
(90 % confidence level) different from the score of 
the sample from the previous cruise. 
** Factor scores differed at the 95 % level. 
Table 6. Samples with high factor 1 and factor 2 scores. 
62 
Sample C3-1 is better sorted than the previous (January 1981) 
sample (C2-1) suggesting that coarse ( >15.6 ym; <6.0 0) 
material present during cruise 2 had been transported away from 
this station by October 1981.  This third sample at station 1 has 
a well-defined mode at 27 um (5.2 0) ,  and a secondary mode in the 
7.8 to 4.0 ym (7.0 to 8.0 0)   size range and is similar to the 
October 1980 sample (Cl-1) . 
Ash at station 1 was present from October 1980 on, and there 
was a continuous input of volcanic debris from the Columbia River 
as suggested by the abundance of low-density material (fll4.2 
percent, Fig. 27) and silt (2159.7 percent, Pig. 28).  However, 
ash had clearly begun to fractionate by October 1981. 
At station 2 (Fig. 29) the distributions from October 1980 
(Cl-2) and January 1981 (C2-2) are similar, but there is a 
greater amount of sediment in the 33.5 to 5.9 ym (4.9 to 7.4 0) 
size range for sample C2-2 which has a mode at 12.7 ym (6.3 0). 
Factor analysis indicates that sample C2-2 has higher scores for 
both factor 1 and factor 2 (Figs. 25 and 26) than did sample 
Cl-2, although only factor 2 differed significantly (90 percent 
level).  It follows that sample C2-2 has more material than 
sample Cl-2 in the 11.8 to 16.8 ym (6.4 to 7.2 0)   size range. 
The modes 16.7 ym (5.9 0)   and 13.6 ym (6.2 0)   from October 1981 
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Figure  29.   D.i stributions of   frequency weiqht  percent:   versus  s\/.c   for  samples   from station  2, 
Station  .location given  in  Figure   J . 
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coarser than the mode from cruise 1 (Cl-2),  and contain more 
material in the 82.5 to 13.6 ym (3.6 to 6.2 0)   size range.  Pine 
ash (11.8 to 6.8 ym; 6.4 to 7.2 0)  was present at station 2 from 
October 1980 on, and coarser ash (22.1 to 15.6 ym; 5.5 to 6.0 0) 
moved in after January 1981. 
Station 3 (Fig. 30) had a broad distribution in October, 
1980 (Cl-3) with a weak mode at 15.6 ym (6.0 0).     This mode 
becomes more evident in January 1981 (C2-3), and is prominant 
(defined statistically by factor 2, Fig. 28) by October 1981 
(C3-3).  Sample C3-3 also had the highest factor 1 score (.8727; 
Fig. 27) at this station. The broad mode occurs in the size 
range 25.4 to 7.8 ym (5.3 to 7.0 0).  This evolutionary pattern 
reflects a dramatic silt increase (> 50 percent) and an increase 
in the low-density fraction (> 100 percent) for sample C3-3, 
relative to samples Cl-3 and C2-3 (Figs. 27 and 28).  The sample 
at station 3 for January, 1982 (C4-3) does not have a mode near 
15.6 ym (6.0 0), as indicated by the significant decrease for the 
factor 2 score for this sample (Fig. 26).  Clearly, ash arrived 
at station 3 by October 1981, and had undergone considerable 
reworking by January 1982. 
The most notable change at station 4 (Fig. 31) as indicated 
by factor analysis (Figs. 25 and 26), is an increase in the 25.4 
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The factor 2 score (.3867) for this sample is significant (Fig. 
26), and the factor 1 score (.6609) is high (Fig. 25), but is not 
different from the factor 1 score from January 1981 (C2-4). 
These results suggest that an abundance of sediment in the 22.1 
to 15.6 ym (5.5 to 6.0 0)   size class is unique to the October 
1981 sample at station 4.  The presence of this sediment may 
indicate that material transported to station 3 also reached 
station 4 by cruise 3.  This size class (22.1 to 15.6 ym; 5.5 to 
6.0 0)   decreases and is similar to the samples Cl-4 and C2-4 by 
January 1982, suggesting again that October, 1981 to January, 
1982 was a period of strong reworking on the middle portion of 
the shelf. 
All samples at station 5 show a strong mode at 41.2 to 
27.2 ym (4.6 to 5.2 0), but the sample from January 1981 (C2-5) 
also shows a strong mode at 11.8 ym (6.4 0;  Fig. 32).  As a 
result, sample C2-5 had the highest significant factor 1 score 
(.7422; Table 6; Fig. 25). Furthermore, the occurrence of this 
mode correlates with the increase in percentage of glass shards 
(Fig. 21) noted in point counting, confirming the arrival of ash 
in January 1981.  By October 1981 (C3-5), the 11.8 ym (6.4 0) 
mode had disappeared, presumably in response to sediment 







Fujure   32.   Distributions  of   frequency weight   purciiiit   versus   size   for  samples   from  station  5. 
Station   location  given   in   Fic|iu.e   1. 
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It is not apparent from the data that any changes in 
sediment size (Fig. 33) or glass shard percentages (Fig. 21) 
occurred that would reflect the arrival or ash at station 6. 
At station 7 a strong primary mode occurs at 54.4 ym (4.2 0) 
in October 1980 (Cl-7) which is not as well defined in the 
subsequent samples (Fig. 34).  The sample from October 1981 
(C3-7) is finer than other samples and has a significantly 
greater percentage of sediment in the 23.7 to 7.8 ym (5.4 to 
7.0 0)   size range as shown by data for factors 1 and 2 (Table 6; 
Figs. 25 and 26). The increase in the silt fraction (and glass 
shard percentage, Fig. 21) reflects the arrival of ash by 
October, 1981. 
The October 1981 sample for station 8 (C3-8) has its primary 
mode at 19.2 ym (5.7 0;  Fig. 35).  It also has the highest 
significant factor 1 score (.6840; Fig. 25), and the highest 
(although not significantly different from C2-8) factor 2 score 
(.4517; Fig. 26). The factor scores indicate the presence of 
distinct material in the 22.1 to 7.8 ym (5.5 to 7.0 0)   size range 
for sample C3-8, although glass shard data only suggest the 
presence of ash. The combination of these results, however, 
place ash arrival at station 8 in October 1981.  The mode at 
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Figure   35.   Distribution;; of   frequency weight   percent;   versus  size   for  samples   from station 8. 
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material in the 94.7 to 23.7 ym (3.4 to 5.4 0) size range which 
is present for the other samples. 
Although station 9 (Fig. 36) has a significant (90 and 95 
percent confidence level) increase in factor 1 and factor 2 
sediment by October 1981 (Figs. 25 and 26), sample C3-9 will not 
be used to determine transport rates, because the glass shard 
content is clearly insignificant, even at the 75 percent 
confidence level. 
There is not much evidence from the size analysis data that 
ash appeared at station 10 (Fig. 37) by cruise 3 (October 1981). 
This is due to the high percentage of biogenic material (> 67 
percent) present in this sample (C3-10). For sample C3-10, it is 
necessary to rely on the significant (95 percent confidence 
level) increase in the percentage of glass shards (Fig. 21), 
low-density fraction (Fig. 27) and silt (Fig. 28) from cruise 1 
to cruise 3, to define the arrival of ash at station 10 by 
October 1981. Ash had undergone considerable reworking by 
January 1982, as evidenced by the significant (95 percent 
confidence level) decrease in the glass shard content for sample 
C4-10. 
Some samples (C2-1, C2-2, C3-3, C2-5, C3-7, C3-8) with high 
glass shard percentages showed distinguishing modes in their 
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range or mode of the glass shard component of the sediment. 
These samples indicate that shards commonly dominate the range 
22.7 to 6.8 ym (5.5 to 7.2 0).  Factors 1 and 2 from R-mode 
analysis are representative of this size range (Table 5), and 
support the presence of a characteristic ash size for samples 




Mount St. Helens Ash on the Washington Continental Shelf: Size 
and Transport Rates 
The general trend (Fig. 21) of glass content increasing at 
most stations from October 1980 to October 1981 reflects 
progressive dispersal and deposition during the seventeen months 
following the initial eruption.  The subsequent decrease in shard 
content at most stations (Fig. 21) by January 1982 may be related 
to three large storms which took place during the time period 
October 1981 to January 1982, according to upwelling indices 
(Table 3) and current meter data (Hickey, personal 
communication).  The decline in ash content suggests either that 
significant mixing of ash and non-volcanic bottom sediments due 
to storm induced resuspension or to biological activity occurred 
between October 1981 and January 1982, or that ash was 
transported beyond the study area.  In all probability, some 
combination of each of these factors took place. 
The relative importance of current-induced and biological 
mixing cannot be completely assessed.  However, biological mixing 
(Nittrouer and others, in preparation) might be expected to 
produce a steady state loss of ash from the sediment surface.  In 
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contrast, current-induced mixing would be expected to be 
seasonal, associated with storm-induced transport.  The fact that 
most stations exhibit a decline in ash content during a period 
(October 1981 - January 1982) of vigorous storm activity implies 
that transport-related mixing may have exerted a dominant 
influence on the decline in ash content. 
The percentage of total low-density fraction (glass shards, 
biogenic fragments, and other volcanic sediment) in sizes 4 to 
350 ym (8.0 to 1.5 0) increased from cruise to cruise at station 
1 (Fig. 27) , suggesting that ash was continually supplied to the 
Columbia River mouth. 
Ash initially deposited at station 1 (Fig. 23) was 
relatively well sorted (cu < 0.84 0-units) silt in October 1980 
(Cl-1) .  Sorting became somewhat poorer (o\j. > 0.97 0-units) by 
January 1981 (C2-1) suggesting that conditions were either 
suitable for deposition of finer particles or that more fine 
sediment was being supplied by the river, perhaps due to seasonal 
variation (Roy, et al., 1979). 
Although the percentage of the low-density fraction 
increases for each cruise, glass shards within the low-density 
fraction decrease significantly (down 39 to 27 percent) by 
January 1981 at station 1 (Fig. 21).  Since the biogenic content 
in the low-density fraction for this station did not change 
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significantly (95 percent confidence level; 12.7 percent, Cl-1; 
12.0 percent, C2-1; Appendix 6), the difference must be due to a 
change in the percentage of volcanic material other than glass 
particles in the low-density fraction.  The significant (95 
percent confidence level) increase (12.7 percent) in these 
particles by January 1981 (C2-2) implies that more volcanic rock 
fragments were being provided by the river by January 1981. 
It has been established that ash (as suspensate) was present 
at station 2 prior to October 1980 (Baker, et al., 1980, 1981; 
Baker and Curl, 1981).  Ash is recognized in the bottom sediments 
and is emphasized by factor 1 (11.8 to 6.8 ym; 6.4 to 7.2 0 size 
range) for the October 1980 and January 1981 samples.  In October 
1980, ash is finer (modal size 11.8 ym; 6.4 0)   than that which 
appears at station 1 (modal size 25.4 ym; 5.3 0), suggesting that 
ash in the 11.8 to 6.8 ym (6.4 to 7.2 J3) size range initially 
bypassed station 1 and settled out of the river plume at station 
2 about 6.5 km away.  It appears that fine sediment (6.4 to 
7.2 ym) moved away from station 2 after January 1981 as it did at 
station 1, leaving the coarser (22.1 to 15.6 ym) sediment seen in 
October 1981 (Fig. 29).  The shift in size distribution by 
October 1981 (C3-2) and January 1982 (C4-2) at station 2 might 
also indicate that slightly coarser sediment (about 16.8 ym or 
5.9 0)   was transported later (i.e., not as part of the initial 
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river plume) to station 2, from either station 1 or the river 
mouth (Fig. 38). 
Since ash is known to have been transported to stations 1 
and 2 in the initial river plume, no "shelf sediment transport 
rates" have been calculated for these stations.  For the other 
stations (discussed below), transport rates are calculated using 
station 1 as the initial reference point (rather than the river 
mouth), as it falls within the area of shoaling used as a 
reference point by Gross and Nelson (1966).  The reader should be 
aware that slightly higher rates would result if the river mouth 
were used as the discharge point. 
Evidence for movement of sediment to station 3 by October 
1981 (C3-3) is very clear. Not only did the percentage of glass 
shards increase significantly (Fig. 21), but the percentages of 
the low-density fraction (Fig. 27) and silt (Fig. 28) showed 
dramatic increases as well.  In addition, there is an obvious 
change in the size distribution of the low-density fraction (Fig. 
30), indicating deposition of 25.4 to 7.8 urn (5.3 to 7.0 0) 
sediment (Table 7). 
This October 1981 material may have been transported either 
from the vicinity of station 1 (18 km away) or station 2 (13.5 km 
away) after January 1981 or after October 1980.  Therefore four 
rates of transport can be calculated for this sample (C3-3). A 
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*90 % confidence level, **95 % confidence level 
Table 7. Samples which had high glass shard contents 
and/or high factor 1 and/or factor 2 scores, 
based on size analysis results. 
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minimum and maximum rate for each time period is given using the 
two distances sediment may have traveled due to storms occurring 
during each time period.  If sediment traveled to station 3 by 
October 1981 from stations 2 or 1, after October 1980, the rates 
are as follows:  2.7 to 3.6 km/storm or 13.5 to 18 km/yr 
(assuming five storms; Table 3).  For sediment movement to 
station 3 between October 1980 and January 1981, the rates are 
6.7 to 9.0 km/storm or 33.7 to 45 km/yr (assuming three storms; 
Table 3).  These rates are listed in Table 8. 
Because the 19 to 7.8 urn (5.7 to 7.0 0)   size range which 
made a dramatic appearance at station 3 in October 1981 (C3-3) 
began to appear in January 1981 (Fig. 30), it may be that some of 
the material which was being transported and settling out at 
station 2 (in January 1981) was also transported as far as 
station 3 by January 1981 (C2-3; Fig. 38).  However, since its 
arrival is not defined statistically by factor analysis (Table 6) 
or glass shard percentages (Fig. 21; sample C2-3), this sample is 
not used to determine an ash transport rate. 
By January 1982 (C4-3), station 3 (Fig. 30) is no longer 
dominated by the 19.2 to 7.8 ym (5.7 to 7.0 0) size fraction, and 
silt content (down 42.5 percent to 18.5 percent) and low-density 
fraction (down 12.1 percent to 8.2 percent) drop dramatically 











GRAIN SIZE km/vr km/storm 
C3-3 13 to 18 34.2 to 45 
2.7 to 3-6 
6.7  to 9.0 26° 
22.1 to 6. 8 /Jm 
(5.5 to 7.2 0) 
C2-5 73 to 80 14 to 16 12° 
11.8 to 6.8 /m 
(6.4 to 7.2 0) 
C3-7 80 16 8° 22.1 to 6.8 wm (5.5  to ?.2-0) 
C3-8 94.5 to 115 18.9 to 23 9° 11.8 to 6.8 ,um 
' (6.4 to 7.2 0) 
C3-10 
. - , i -.—- ■- . ... — — -■ —*, 
124.5 to 190 24.9 to 38 10° 11.8 to 6.8 /urn (6.4 to 7.2 0) 
Table 8. Calculated transport rates or Mount St. Helens ash across the Washington 
continental shelf. 
movement of ash away from station 3, but may also reflect 
bottom-sediment mixing due to the storm events which took place 
during the October 1981 to January 1982 time period (Table 3), or 
to biological mixing. 
The increase in the 25.4 to 9.0 ym (5.3 to 6.8 0) size 
fraction at station 4 in October 1981 (sample C3-4; Fig. 31), 
suggests some input of ash.  Although this conclusion is not 
supported by point count data (which shows that all samples at 
this station are statistically (95 or 75 percent level; X -test) 
indistinguishable), sample C3-4 had the highest factor 2 score 
(95 percent significance level; t-test) for this station (Fig. 
26).  If volcanic sediment was transported to station 4, it 
probably moved with a pulse (Pulse 2; Fig. 38) of coarse sediment 
which reached station 3 by October 1981. 
The increase in glass shard content at station 5 (48 km away 
from station 1) in January 1981 (Fig. 32; C2-5) indicates that 
ash had arrived by this time (Fig. 38).  This observation is 
supported by the appearance of a very obvious size mode at 
11.8 m (6.4 0) which is not present in other samples collected 
at this station.  This mode is statistically significant (95 
percent level), based on variation of factor 1 scores.  This ash 
occurrence is consistent with the previous discussion (volcanic 
sediment arrived at station 3 in October 1981) only if it is 
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recognized that sediment at station 5 is noticeably finer ( >50.7 
percent silt) than deposits at stations 3 and 4 ( <29.3 percent 
silt; Appendix 7).  It is suggested that most of the sediment 
which was transported to station 5 rapidly bypassed stations 3 
and 4, which are shallower than station 5 and therefore less 
suitable for the deposition of finer-grained sediment.  Station 3 
is located in an area having a modal grain size of 149 ym (2.75 0 
Nittrouer, 1978; Fig. 9). Stations 4 and 5 are located within an 
area identified by Nittrouer (1978) as having a 44.2 pm (4.5 0) 
modal size.  However, station 4 is only about 5 km outside the 
area characterized by a 149 urn (2.75 0) modal size.  Therefore, 
bypassing of stations 3 and 4 seems reasonable, and the high silt 
percentage at station 5 is not an unusual occurrence. 
Sediment transported to station 5 by January 1981 may have 
traveled from station 2 (44 km away) or from station 1 (48 km 
away). Three storms (Table 3) are thought to be responsible for 
this movement.  Therefore, calculated transport rates are 14.6 to 
16 km/storm.  Assuming an average of five storms per year (Table 
3), average yearly transport would be 73 to 80 km/yr (Table 8). 
It is possible that the sediment which arrived at station 3 
in October 1981 was a second pulse (Fig. 38) of sediment 
introduced by the Columbia River and deposited some time after 
the initial pulse (discussed above) which reached station 5 in 
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January 1981.  Another explanation for the relatively late 
arrival of ash at station 3 is that the coarser (22.1 - 15.6 ym) 
material was transported more slowly.  If the coarse ash did move 
more slowly, either the critical shear stress varies for coarse 
and fine silt (in contrast to assumptions made by Sternberg and 
McManus, 1972; Kachel, 1980; Smith and Hopkins, 1972), or 
fractionation is effected by variations in settling velocity. 
However, the increase in silt percentage at stations 1 and 3 by 
October 1981 (cruise 3) suggests a significant input of "new" ash 
during the spring of 1981.  Because the spring runoff normally 
results in maximum sediment discharge the addition of "new" ash 
appears to be a more likely explanation for the late ash arrival 
at station 3 than simple fractionation of fine ( <22 ym diameter) 
ash originally deposited near the river mouth. 
The disappearance of the 11.8 ym (6.4 0) mode by October 
1981 (Fig. 32) in sample C3-5 suggests that sediment of this size 
was transported away from station 5 after January 1981. 
The increase in glass shards at station 7 in October 1981 
(sample C3-7; Fig. 21) is accompanied by the relative increase in 
the 25.4 to 7.8 ym (5.3 to 7.0 0) size range (Fig. 34), as 
reflected in the factor analysis (Figs. 25 and 26).  This 
sediment may have arrived from station 5 (31.5 km away) after 
January 1981 as a result of two storms, but obviously traveled a 
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total distance of 79.5 km (from station 1) during the year from 
October, 1980 to 1981.  Therefore, the transport rate for this 
sediment is 16 km/storm.  Assuming five and two storms, 
respectively from station 1 and station 5, this is equivalent to 
80 km/yr (Table 8). 
The percentage of glass shards at station 8 in October 1981 
(C3-8) is significant (75 percent level) when compared to October 
1980 (Cl-8; Fig. 21). There also appears to be a shift in the 
size distribution at this station in October 1981 (Fig. 35). 
Sample C3-8 had the highest significant (95 percent level) score 
for 11.8 to 6.8 ym   (6.4 to 7.2 0, factor 1) sediment (Fig. 25). 
The rate of transport for this sediment is 18.9 to 23.0 km/storm 
which is equivalent to 94.5 to 115 km/yr assuming five storms per 
year (Table 8). 
A very large increase in glass shards (8.2 to 18.2 percent) 
for station 10 occurs in October 1981 (C3-10; Fig. 21).  This 
observation correlates with a steady increase in the percentages 
(significant at 95 percent confidence level) of silt (Fig. 28) 
and the total low-density fraction in each sample (Fig. 27). 
Although the sizes of glass particles cannot be determined from 
the size distributions (due to the small proportion of ash 
3 
in j<2.51 Mg/m density fraction; <18.25 percent), it is 
probably safe to assume that they are not coarser than the 
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particles which also arrived at station 8 in October 1981.  This 
suggests sizes of 11.8 to 6.8 ym (6.4 to 7.2 0).  The calculated 
transport rate for this ash is 24.9 to 38 km/storm or 124.5 to 
190 km/yr (Table 8).  This calculation assumes that the ash 
traveled from station 1 (124.5 km away) since October 1980, or 
station 5 (76 km away) since January 1981 as a result of five or 
two storms, respectively. 
Comparison of Calculated Transport Rates with Previous Estimates 
of Washington Shelf Sediment Transport 
Different methods and study areas have been used to obtain 
transport rates for the Washington shelf.  Gross and Nelson 
(1966) determined particle movement by tracing radionuclides 
attached to sediment.  Their study was conducted in an area 
roughly coincindent to stations 1 to 5 (Fig. 39).  Smith and 
Hopkins (1972) and Sternberg and McManus (1972) used current 
meter data (progressive vector method) to infer rates of sediment 
transport, for a position near station 3 (Fig. 40).  Kachel 
(1980) relied on current meter and sediment texture data to 
construct a sediment transport model for the entire Washington 
shelf. 
In this study the minimum transport rate (13 to 45 km/yr) 
was obtained from data collected near the Columbia River mouth 
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Figure 39. Sample locations from which 
rates were obtained by Gross 
and Nelson in 1966 (after 
Gross and Nelson, 1966). 
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Figure 40. Location of current meters used 
by Smith and Hopkins (1972) and 
Sternberg and McManus (1972), 
during 1967 to 1969 to determine 
sediment transport rates (from 
Smith and Hopkins, 1972). 
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(station 3, Table 9).  Transport rates become greater at stations 
away from the river mouth reaching a maximum (124.5 to 190 km/yr) 
at station 10 (125 km away).  Minimum estimated transport rates 
result when the ash is not found in significant amounts past a 
sample station, although trace amounts actually reached greater 
distances (Fig. 38). This effect is reduced as stations at 
greater distances are used to determine transport rates, but it 
does call into question the validity of the results from station 
3.  However, the low transport rate obtained at station 3 may 
also be the result of ash which arrived there in October 1981 as 
part of a second pulse of sediment (Pig. 38; M0 = 5.78), rather 
than the original ash pulse which arrived at stations 7, 8, and 
10 (M0 = 5.33) by October 1981.  As a result, a maximum transport 
rate for station 3 cannot be obtained, since it is not known 
exactly when the second pulse left the Columbia River (although 
it apparently left sometime after January 1981).  The higher 
rates obtained from stations 5 to 10 may reflect the finer 
texture (11.8 to 6.8 um) of the ash which moved furthest. 
The minimum rates calculated in this study, based on data 
from station 3 (13 to 45 km/yr; Table 8) are most similar to the 
rates reported by Gross and Nelson (1966; 12 to 31 km/yr), and 
are low compared to rates reported by Smith and Hopkins (1972), 
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330 km/large storm 17° 
suspended load 
( < 86 iirr. or 
>3-5 0) 
585 m/large storm 26° 
bedload 




ash traced to 
station 3 
13 to 45 km/yr 
(2.7  to 9.0 km/storm) 26° 
22.1   to 6.8/im 
(5.5  to  7.2  0) 
ash  traced  to 
station 5 
73  to 80 km/yr 
(16  to  16 km/storn) 12° 
11.rf to 6.6 pm 
(6.4 to 7.2 0) 
ash  traced to 
station 7 
80 km/yr 
(16 km/storm) 8° 22.1  to 6.8 ijm (5-5  to 7.2 0) 
ash  traced  to 
station 8 
9**.5 to  115 km/yr 
(18.9  to 23 km/storm) 9° 
11.8 to 6.Biirc 
16.ii to 7.2 V) 
ash traced to 
station  10 
124.5 to  190 km/yr 
(24.9 to 38 km/storm) 10° 
11.8 to 6.6/im 
(6.4 to 7.2 0) 
•suspended load represents material <63 ;im (> 4.0 0) unless otherwise indicated. 
Table 9. Comparison of rates obtained from Mount St. Helens 
ash dispersal with rates reported by other inves- 
tigators. 
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indicated above, the rates reported for this station represent 
minimum and perhaps unrealistic values. 
The rates of transport obtained for stations 5 and 7 are 
nearly identical: station 5 - 73 to 80 km/yr (12° northwest of 
isobaths); and station 7-80 km/yr (8° northwest of isobaths). 
These rates are virtually the same as that reported by Smith and 
Hopkins (1972) for suspended sediment (80 km/yr at a bearing of 
10°; Table 9). 
The respective rates of transport for stations 8 and 10 are 
18.9 to 23 km/storm (9° northwest of isobaths), and 24.9 to 38 
km/storm (10° northwest of isobaths). These values roughly 
correspond to rates reported for suspended sediment by Sternberg 
and McManus (1972; 37 km/storm at a bearing of 19°), and by 
Rachel (1980; 25 to 80 km/storm at an average bearing of 16° 
northwest of the isobaths; Table 9). 
In general, the movement of Mount St. Helens ash best 
approximates transport rates calculated by Smith and Hopkins 
(1972).  Both Sternberg's and McManus1 (1972) and Rachel's (1980) 
results appear to overestimate the transport rates or hold only 
for the finest sediment (12 to 6.8 um) examined in this study. 
The reader should note, however, that their estimates assume 
equal movement of all silt-sized (63 to 4 ym) particles. 
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Size Fractionation of the Ash: Results of Shelf Sediment 
Transport 
Between October 1980 and October 1981, fine (11.8 to 6.8 ym) 
ash transported more than 94 km, while coarse (22.1 to 15.6 ym) 
ash was moved less than 80 km.  Although the percentage of silt 
is known to increases with distance along the Mid-Shelf Silt 
Deposit (Nittrouer, 1978), the different transport of medium and 
fine silt implies that fractionation may occur within the silt 
fraction (4 to 63 ym). 
This differential transport may be attributed to a variety 
of factors.  Variations in critical erosion velocities within the 
silt fraction may result in preferential entrainment of fine 
silts under low flow conditions.  Although previous workers on 
the Washington shelf (Smith and Hopkins, 1972; Sternberg and 
McManus, 1972; Rachel, 1980) have assumed a single entrainment 
velocity for the silt fraction (4 to 63 ym), differential 
entrainment has been recognized in estuaries (Postma, 1967), and 
may be important under non-storm conditions on the shelf.  Once 
entrained, fine ( <11.8 ym) silt has a lower settling velocity 
-2 (_^1.3 X 10  cm/sec, 22°C) than coarser (2L15.6 ym) silt 
_2 (^2.1 X 10  cm/sec, 22°C) .  As a result, fine silt can be 




1. Ash from the May 18, 1980 eruption of Mount St. Helens 
was traced across the Washington shelf.  It is composed of silt 
ranging in size (equivalent spherical diameter; Sp.G. = 2.65 Mg 
-3 
m ) from 22.1 to 6.8 ym (5.5 to 7.2 0).  Only the finest ash 
(11.8 to 6.8 ym; 6.4 to 7.2 0) was found at distances of 84 to 
125 km from the Columbia River mouth, indicating preferential 
transport and fractionation within the silt (4-63 urn) fraction. 
2. The calculated sediment transport rate for 22.1 to 
6.8 ym (5.5 to 7.2 0) ash transported between October 1980 and 
October 1981 is 80 km/yr (16 km/storm). This transport rate was 
calculated from data collected at station 7, 80 km away from 
station 1, which was near the Columbia River mouth.  Significant 
transport probably occurred in response to five storms during 
this period. 
3. Calculated sediment rates for 11.8 to 6.8 ym (6.4 to 
7.2 0) ash ranged from 73 km/yr (14.6 km/storm, October 1980 to 
January 1981) to 190 km/yr (38.0 km/storm, October 1980 to 
October 1981) .  Data used to calculate these rates were collected 
from stations 48 and 125 km north-northwest of station 1. 
4. It appears most reasonable that two different pulses of 
ash were introduced by the Columbia River to the study area in 
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spring 1980 and 1981.  The second pulse contained coarser ash 
(22.1 to 15.6 ym; 5.5 to 6.0 0)   than the first (11.8 to 6.8 urn; 
6.4 to 7.2 0). 
5. The calculated transport rates (73 to 190 km/yr or 14.6 
to 38 km/storm) are generally lower than suspended load transport 
rates previously estimated by Sternberg and McManus (1972, 220 
km/yr) and Kachel (1980, 25 to 80 km/storm).  The results of this 
study most closely agree with Smith and Hopkins (1972), who 
estimated the suspensate transport rate of 80 km/yr. 
6. Storms occurring during October 1981 through January 1982 
caused resuspension and transport of ash to the extent that it 
was no longer traceable as a unique contribution by January 1982. 
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Samples from cruise W8010A (October, 1980) were collected 
from ten sample stations (Pig. 1) along the Mid-Shelf Silt 
Deposit using a box corer.  Mud from the top 0 to h  cm of the 
core was collected at each station, sealed in plastic bags and 
refrigerated.  A Smith-Mclntyre grab sampler was used to collect 
samples on cruise W8101A (January, 1981) at the ten sample 
stations.  Samples were collected during cruises TT162 (October, 
1981) and W8201A (January, 1982) using the grab sampler (except 
for stations 9 and 10 on cruise W8201A).  Samples taken from 
stations 7 and 8 during cruise TT162 may have lost some sediment 
due to drainage of water during recovery.  Therefore, it may be 
difficult to find ash in these samples. A sample for station 1 
was not obtained on cruise W8201A due to rough conditions near 
the mouth of the Columbia River. 
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APPENDIX 2B 
PREPARATION FOR HEAVY LIQUID SEPARATION 
Approximately 15 grams (wet weight) of each sample was 
utilized for flotation.  The samples were slaked (to remove 
salts) and treated with sodium metaphosphate (to deflocculate 
clays).  The clay-sized particles (finer than 3.9 ym) were 
removed by repeated decantation.  Plant debris was removed by wet 
sieving through a 350 ym (1.5 0) sieve (Ingram, 1971). 
Organics were removed by oxidation in hydrogen peroxide.  A 
10 percent hydrogen peroxide solution was used initially at a 
temperature of 40°C. Finally, 30 percent hydrogen peroxide was 
added to complete oxidation, and excess liquid was decanted 
(Jackson, et al., 1949 as cited in Ingram, 1971). 
Glauconite pellets found in the samples had to be removed 
because their varying densities caused poor heavy liquid 
separations.  A 10 percent hydrochloric acid solution was added 
to the samples (Ireland, 1971). After a few days, the acid was 
diluted and decanted. The iron extraction effected by this 
procedure resulted in disaggregation of the pellets.  The 
resulting clay-sized particles (which made up the pellets) were 
dispersed with sodium metaphosphate and decanted off.  The sample 
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was treated a second time with hydrochloric acid (15 percent 
solution) for 24 hours; the samples were again diluted and 
decanted.  Sodium metaphosphate was added and the samples were 
sonicated for 15 minutes.  The clays were then decanted.  This 
process was repeated until the clays were removed. The samples 
were collected on millipore filters, dried and weighed. 
Approximately 2.5 grams (dry weight) of the 3.9 to 350 pm 
(8.0 to 1.5 0) sample was added to two plastic centrifuge test 
tubes containing 40 ml each of a (2.51 specific gravity) mixture 
of tetrobromoethane and dimethylformamide (Carver, 1971).  The 
suspensions were sonicated for 10 minutes to remove air bubbles 
and then centrifuged at 1500 RPM for 15 minutes.  The low-density 
fraction was extracted to a test tube by a vacuum, collected on a 
flouropore filter, and washed with acetone.  This entire 
procedure was repeated for the remaining sediment in the heavy 
liquid to collect any particles of interest which may have been 
carried down with the heavy fraction. The combined low-density 
fractions were dried and weighed. 
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APPENDIX 2C 
PREPARATION FOR SETTLING TUBE SIZE ANALYSIS 
The dry low-density fraction was sieved through 125 ym 
(3.0 0) sieve to remove all sediment coarser than 125 ym (3.0 0) , 
because optical examination had showed that this fraction did not 
contain any glass shards.  The sample was then split and 
quartered to obtain approximately 300 mg of float for size 
analysis.  Two milliliters of sodium metaphosphate (concentration 
= 50 G/l) were added to the settling tube containing 
approximately 1000 milliliters of boiled distilled water. A 
slurry of the low-density fraction was introduced into the 
settling tube and sizing began after mixing. 
A computer recorded the weight of each size of interest 
(4.0 0 to 8.0 0 at .05 0 intervals; Theide, et al., 1976; Healy, 
1983). Each sample was then collected on a millipore filter, 
dried and saved for point counting. 
The raw data (cumulative weight/0-size) obtained were 
smoothed (both forward and backward).  Oden's formula was also 
applied to account for the fact that at any given time during the 
size analysis, particles of all sizes were settling out (Krumbein 
and Pettijohn, 1949). 
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APPENDIX 2D 
STATISTICAL TREATMENT OF SETTLING TUBE DATA 
An R-mode factor analysis (Joreskog, et al., 1976) program 
was used to determine characteristic modes for each sample using 
the frequency weight percent data obtained from the treated raw 
data which had been smoothed by a 13-point moving average.  All 
39 samples were run together using weight percent in 47 size 
classes (3.3 0 to 7.9 0  at an interval of 0.1 0) as variables. 
Four factors were defined which accounted for 91 percent of the 
total variance. 
The factor scores for each sample were tested at the 95 or 
90 percent confidence level to determine whether samples with 
high scores were significantly different from other samples 
within a single station (Davis, 1973). This was done by a 
modified acceptance sampling procedure (Snedecor and Cochran, 
1967) . The average standard deviation based on comparison of 
factor scores from the first two cruises at stations 6 through 10 
were calculated. These samples were used to determine the 
"background" standard deviation, because ash did not arrive at 
these stations according to point counts until October 1981. 
This standard deviation is the best reflection of some 
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combination of local variability, seasonal variability, and 
variability due to inability to resample at a precise location on 
subsequent cruises.  The average standard deviation was used to 
determine one confidence interval (95 or 90 percent level, n=10) 
for all samples.  Confidence intervals were constructed in this 
fashion for both factor 1 (± .03029, 95% level; ± .02455, 90% 
level) and factor 2 (± .06593, 95% level; ± .05343, 90% level). 
These intervals were then used to determine whether samples 
within each station were similar or different for each factor. 
If a pair of samples from consecutive cruises were similar, the 
sample from the subsequent cruise was tested against the average 
of the previous pair. 
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APPENDIX 2E 
PREPARATION OF SAMPLE FOR POINT COUNTING 
Each sample collected after size analysis was split and 
quartered until only a small portion remained for the smear 
slide.  This was sprinkled onto a glass slide.  A few drops of 
distilled water were added and the sample was spread evenly over 
the slide.  The slide was dried on a hot plate at 60°C.  Six 
drops of Ward's CR-1 mounting medium (n = 1.535) were placed on 
the slide and covered with a cover slip. The slide was then 
placed on a hot plate to cure overnight at 60°C. 
Four-hundred particles were counted with a Zeiss binocular 
microscope at 400X magnification using the Fleet method (as cited 
in Galehouse, 1971) to determine the relative proportions of 
glass shards, diatoms and other sediment (mainly volcanic in 
nature).  This was done in order to statistically distinguish 
samples from cruise to cruise at the 75 to 95 percent confidence 
level using a x2-test. 
The diatoms and other sediment were put together as one 
group during statistical analysis so that the total number of 
groups equaled 2, resulting in one degree of freedom. This was 
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done because the percentages of glass shards for all samples were 
small relative to the percentages of the other two categories. 
A different confidence interval was obtained for each sample 
ranging from 1.5 to 4.8 percent.  Samples within stations were 
compared from cruise to cruise.  If two samples from consecutive 
cruises were the same, the sample from the subsequent cruise was 
tested against the average of the previous pair. 
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APPENDIX 2F 
PREPARATION OF SAMPLES FOR SIEVE AND PIPETTE SIZE ANALYSIS 
This part of the study was to determine the relative 
proportions of the < 4 ym (8.0 0),   4 ym - 64 ym  (8.0 - 4.0 0) , 
62 ym - 125 ym (4.0 - 3.0 0), and 125 ym - 350 ym (3.0 - 1.5 0) 
size fractions. 
Salts were removed from each sample by slaking and clays 
were deflocculated using sodium metaphosphate.  The samples were 
wet-sieved through a 350 ym (1.5 0) sieve (to remove plant 
debris) and through a 62.5 ym (4.0 0) sieve into a 1000 ml 
cylinder (Ingram, 1971). 
The fractions coarser than 62.5 ym (4.0 0) were dried and 
sieved through a 125 ym (3.0 0) sieve into a 62.5 ym (4.0 0) 
sieve. These fractions were collected and weighed (Ingram, 
1971) . 
The sediment which passed through the 62.5 ym (4.0 0) sieve 
was added to the cylinder. A 20 ml aliquot was drawn of material 
finer than 62.5 ym (4.0 0)   and of material finer than 4.0 ym 
(8.0 0)   at calculated times based on their settling velocities 
according to Stoke's Law. These size fractions were dried and 
weighed (Ingram, 1972). 
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The percentage of silt for each sample was tested at the 95 
percent confidence level (t-test, confidence interval ± 2.53) to 
determine which sample(s) differed significantly from other 
samples within a single station.  The confidence interval was 
calculated by the same method (as outlined in Appendix 2D) used 
to calculate confidence intervals for factor scores. 
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APPENDIX 3 
HEAVY LIQUID SEPARATION DATA 
SAMPLE 
PERCENT LOW-DENSITY  FRACTION  IN 
























































































































SETTLING TUBE DATA 
(A) Detailed raw data 
CRUISE U80I0A MflFLE Cl-I 
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i'rS? •?}?, 33-9 !•?'? ?•' ?•?'? 6.750 6.840 1572.8 91.392 3.3 0.310 
J*?™ !-iJ2 ?H ?-'g' J-5 H" B.BOO 6.940 1576.3 91.595 3.3 0.202 J- JO .540 42.9 2.484 5.4 0.312 B.850 7.040 1579.9 B1.B03 3.6 0.209 }-'J0 .640 49.1 2.854 6.2 0.360 6.900 7.140 1584.2 92.056 4.4 0.253 
J'2S2 i -2*2 5H 3-133 '•' 2-Ji-> 6.950 7.240 ISBB.5 82.304 4.3 0.247 J'™ •aJS §2-5 ?'S;3 .5-? M?! 7.000 7.340 1592.4 92.333 a.s 0.229 
4'3?0 i"^S Zq-? ^-}?s S'Z S'^D 7.050 7-4«° 1595-5 92-7" 3-' °'179 }'?M ?'?J8 inf-7 i'nnl ?"5 S'Z?? 7-»00 7.540 1596.2 92.B7I 2.8 0.160 
J'«50 I'^S ?Vn §-??, 2'? °--2il 7.150 7.640 1602.1 93.085 3.B 0.224 
•JJ° -<0 l23,° 7,M7 lfl-2 n06° 7.200 7.740 1606.3 93.342 4.2 0,247 4.300 2.340 143.9 B.3G1 20.8 1.214 V^SO 7.B40 leiU? sa.BK 5.3 0.310 
4.350 2.440 167.3 9.723 23.4 1.362 7.300 7.940 1616.3 93.91B 4.6 0.267 
4.600 2.540 193.3 11.233 26.0 1.510 7.350 B.040 I6?l.9 94.245 5.6 0.326 
4.650 2.640 221.7 12.B04 28.4 1.651 7.400 B.I40 IC27.9 94.593 6.0 6.348 
4.700 2.740 253.3 14.719 31.6 I.835 7.430 8.240 1634.3 94.979 6.6 0.3B6 
4.750 2.840 2B7.9 16.72B 34.6 2.008 7.500 8.340 1641.2 95.369 6.7 0.390 
4.800 2.940 324  7 B BBS 36 B 2  137 7.550 8.440 1648.6 95.795 7.3 0.426 
4 B50 3 040 364  0 21   153 39 4 2 2B7 '.600 B.540 1659.6 96.437 11.0 0.641 
4.900 3.140 406.0 23 390 41  9 2 437 7.650 8.640 1669.7 97.024 10.1 0.38B 
4  930 Wo 449 B 26  137 43 D 2 547 7.700 B.7,o I6H0.0 97.623 10.3 0.599 5.000 3.340 495.5 28.791 43.7 2.654 7.750 B.B40 1609.2 98.155 9.2 0.332 
5:050 5:440 5«:i SlkSO 47:i K752 7.800 B.940 1700.1 98.790 10.9 0.636 
5.100 3.540 392.7 34.440 49.9 2.B97 7.B50 9.040 1709.0 BJ.30? 8.9 0.319 
3.130 3.640 643.1 37.370 50.4 2.930 7.900 9.140 1718.0 99.831 8.5 6.522 
3.200 3.740 694.8 40.375 51.7 3.005            •      7.350 9.240 1720.B 100.000 2.B 0.IB9 
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CRUISE H3I0IA SAflPLE C2-1 
PHI PSI MCI HIT cum l FklOU FKOU : 
2.300 -1.628 0.0 0.000 0.0 0.000 
2.550 -1.328 0.0 •    0.000 0.0 0.000 
2.600 -1.428 0.0 0.000 0.0 0.000 
2.630 -I.3ZB 0.0 o.ooo 0.0 0.000 
2.700 -I.22B 0.0 0.000 0.0 0.000 
2.759 -1.128 0.0 0.000 0.0 o.ooo 
2.600 -1.028 0.0 0.000 0.0 0.000 
2.no -0.928 0.0 0.000 0.0 0.000 
2.BOO -O.B28 0.0 0.000 0.0 o.ooo 
2.850 -0.728 0.0 0.000 0.0 0.000 
3.000 -0.B28 0.0 0.000 0.0 0.000 
3.030 -0.320 0.0 0.000 0.0 o.ooo 
3.100 -0.428 0.0 0.000 0.0 0.000 
3.130 -0.320 0.0 0.000 0.0 0.000 
3.200 -0.216 0.0 0.000 0.0 0.000 
3.250 -0.128 0.0 0.000 0.0 0.000 
3.300 -0.028 0.0 0.000 0.0 0.000 
3.350 0.072 0.0 0.000 0.0 0.000 
3.400 0.172 0.0 o.ooo 0.0 0.000 
3.450 0.272 0.0 0.000 0.0 0.000 
3.300 0.372 0.0 o.ooo 0.0 o.ooo 
3.530 0.472 0.0 0.000 0.0 0.000 
3.600 0.572 0.0 0.000 0.0 0.000 
3.BS0 0.672 0.0 0.000 0.0 0.000 
3.700 0.772 0.0 0.000 0.0 0.000 
3.750 O.B72 0.0 0.000 0.0 0.000 
3.600 0.972 0,0 0.000 0.0 0.000 
3.D50 1.072 0.0 0.000 0.0 0.000 
J.'JOO 1.P2 0.0 0.000 0.0 0.000 
3.950 1.272 0.0 0.000 0.0 0.000 
4.0U0 1.372 0.0 0.000 0.0 0.000 
4.050 1.472 8.0 0.490 8.0 0.4U0 
4.100 1.372 IB.B 1.143 10.7 O.E54 
4.130 1.872 30.2 1.835 II.E 0.712 
4.200 1.772 42.9 2.BJ0 12. E 0.775 
4.250 1.872 56.3 3.452 13.4 0.B22 
4.300 1.972 70.7 4.335 14.4 0.802 
4.330 2.072 86.1 3.2B2 15.4 0.947 
4.400 2.17? 
2.272 
102. E 6.295 16.3 1.013 
.4.450 120.1 7.369 17.5 li$1\ 
4.500 2.372 138. a 8.314 18.7 1.143 
4.530 2.472 158. £ 9.729 19.B 1.214 
4.600 2.572 179.0 10.903 20.4 1.254 
4.650 2.672 200.7 12.309 21. E 1.326 
4.700 2.772 223.7 13.720 23.0 1.411 
4.750 2.B72 247.E 15.189 24.0 1.470 
4.800 2.972 272.6 IB.721 25.0 1.332 
4.050 3.072 290.7 IB.320 26.1 1.598 
4.900 3.172 325. E I9.S7I 2E.9 I.ESI 
4.950 3.272 353.3 2I.E75 27.B 1.703 
5.000 3.372 
3.472 
381. E 23.408 20.3 1.733 
3.050 410.7 23.134 29.1 I.70C 








501.4 30.E .875 
PHI PSI HEIGHT 
5.250 3.B72 332.6 
5.300 3.872 563.9 
5.350 4.072 395.5 
3.400 4.172 627.8 
3.430 4.272 660.1 
3.500 4.372 692.2 
3.550 4.472 724.7 
5.600 4.572 757.3 
3.E50 4.£72 789.7 
3.700 4.772 821.6 
5.750 4.B72 833.3 
5. BOO 4.972 685.3 
3.850 5.072 916.7 
3.900 3.172 947.3 
3.930 3.272 877.3 
G.000 3.372 1006.4 
E.050 5.472 1033.0 
6.100. 3.372 1063.3 
G.I50 3.672 1090.1 
6.200 5.772 1116.1 
8.250 5.872 1141.9 
6.300 3.972 1166.9 
6.350 6.072 1190.8 
£.400 6.172 1213.3 
6.450 B.272 1233.4 
6.300 6.372 1256.8 
£.330 6.472 1277.2 
6.600 6.377 1296.7 
E.E50 6.672 1315.7 
6.700 6.772 1334.2 
6.730 £.872 1332.0 
C.000 6.972 1369.7 
E.B30 7.072 1386.0 
6.300 7.172 1402.0 
6.950 7.272 1418.0 
7.000 7.372 1433.9 
7.030 7.472 1446.9 
7.100 7.572 1463.B 
7.150 7.672 1478.4 
7.200 7.772 1493.0 
7.250 7.872 1306.7 
7.300 7.972 1320.0 
7.350 8.072 1332.8 
m I:iH \uu 
7.500 8.372 1370.0 
7.530 B.472 I5BI.0 
7.E00 B.572 1391.1 
7.650 8.672 IE00.3 
7.700 8.772 1606.3 
7.730 B.B72 1614,7 
7. BOO B.872 1620.3 
7.830 9.072 1624.6 
7.9O0 8.172 IE2B.7 















































































































APPENDIX 4A   (continued) 
CRUISE TIIE2 SAMPLE C3-I 
PHI PSI HEIGHT CUrW X FRtOH FREOM X PHI 
2.300 -1.660 0.0 0.000 0.0 0.000 5 no 
2.330 -1.5C0 0.0 .     0.000 0.0 0.000 S300 
2.600 -I.4C0 0.0 0.000 0.0 0.000 j'Sj 
Z.E30 -1.360 0.0 0.000 o.o 0.000 i.ioo 
2.700 -1.260 0.0 0.000 0.0 0.000 3.430 
2.730 -1.160 0.0 0.000 0.0 0.000 3.500 
2.600 -I.O60 0.0 0.000 0.0 0.000 3.330 
2.930 -0.960 0.0 0.000 0.0 0.000 5.E00 
2.900 -O.B60 0.0 0.000 0.0 0.OO0 3.630 
2.930 -0.760 0,0 0.000 0.0 0.000 3.700 
3.000 -0.660 0.0 0.000 0.0 0.000 3.75ft 
3.030 -0.360 0.0 0.000 0.0 0.000 3. BOO 
3.100 -0.460 0.0 0.000 0.0 0.000 S.B30 
3.130 -0.360 0.0 0.000 0.0 0.000 } goo 
3.200 -0.260 0.0 0.000 0.0 0.000 3 9->0 
3.230 -0.160 0.0 0.000 0.0 0.000 E|0OO 
3.300 -0.060 0.0 0.000 0.0 0.000 6.030 
3.330 0.040 0.0 0.000 0.0 0.000 c   100 
3.400 0.140 0.0 0.000 0.0 0.000 e  l«n 
3.430 0.240 0.0 0.000 0.0 0.000 R,OO 
3.300 0.340 0.0 0.000 0.0 O.OOO iiiXr, 
3.530 0.440 0.0 0.000 0.0 0.000 ?'nnX 
3.600 0.340 0.0 O.OOO 0.0 0.000 S'S 
3.650 0.640 0.0 0.000 0.0 0.000 i'lhn 
3.700 0.740 0.0 O.OOO 0.0 O.OOO t'VsO 
3.730 0.640 3.1 0.2BG 3.1 0.286 r'500 
3.800 0.B40 12.1 0.672 6.9 0.386 ?550 
3.830 1.040 20.1 1.11B G.O 0.446 GLOO 
3.900 1.140 29.2 1.624 9.1 0.507 fiieiO 
3.950 1.240 39.8 2.216 10.6 0.592 6 700 4.000 1.340 32.0 2.894 12.2 0.E7B f' S 
4.030 1.440 63.2 3.632 13.2 0.738 SHOO 
4.100 1.540 79.9 4.448 14.C 0.816 E'S 
4.150 1.640 93.B 3.337 16.0 0.809 ?•=,« 
4.200 1.740 113.4 6.318 17.6 0.9(10 c'Sft. 
4.250 1.840 132.3 7.368 18.9 l.O'-O y£X 
4.300 1.940 153.0 8.520 20.7 1.132 i'fS) 
4.330 2.040 175.5 9.773 22.5 1.253 , ,„„ 
4.400 2.140 199.3 11.112 24.0 1.339 V.'SX 
4.430 2.240 223.3 I2.35B 26.0 1.446 Vi™ 
4.500 2.340 252.9 I4.0B6 27.4 1.32B VSrS 
4.350 2.440 282.1 13.713 29.2 1.627 !•&?. 
.4.600 2.540      .   313.1 17.440    .      31,0 J.,727 i-i™ 
4.630 2.640 343.7 19.256 32.6 "  1.616 4*J?S 
4.700 2.740 360.3 21.179 34.5 1.924 , JS$ 
4.730 2.840 416.0 23.168 35.7 1.909 ,«™ 
4.BOO 2.940 453.3 25.247 37.3 2.079 ,,?X 
4.650 3.040 491.9 27.394 38.5 2.146 7'soo 
4.900 3.140 531.7 29.615 39.9 2.221 VBSO 
4.950 3.240 572.3 31.877 40.8 2.262 7 700 
3. OOO 3.340 613.E 34.177 41.3 2.300 7.750 
3.030 3.440 E5B.0 36.534 42.3 2.356 7.BOO 
3.100 3.340 £36.4 38.896 42.4 2.XI 7.030 
3.130 3.640 741.2 41.284 42.9 2.3BB 7.900 
3.200 3.740 784.3 43.E80 43.0 2.336       ' 7.B50 
PSI HEIGHT cum X PRE OH maw X 
3.840 827.3 4E.0B7 43.2 2.407 






5! 338 4.140 42.0 
4.240 995. E 33.449 41.0 2.284 
4.340 1033.7 57.683 40.1 2.23B 
4.440 1074.9 39.866 39.2 2.181 
4.540 1112.9 E1.9BE 38.1 2.120 
4.640 1149.9 84.042 36.9 2.037 
4.740 1185.0 BE.001 33.2 1.839 
4.840 1218.E E7.B67 33.3 I.B6E 
4.940 1231.3 69.692 32.8 I.B24 
5.040 1282.7 71.430 31.3 1.746 
5.140 1312.9 73.120 30.2 I.6B3 
5.240 1341.0 74.666 2B.I 1.367 
3.340 1367.9 7E.IB7 26.9 1.500 
5.440 1393.9 77.B35 26.0 1.447 
3.540 1418.0 78.973 24.0 1.338 
3.640 1440.9 80.249 22.9 1.276 
5.740 I4E2.3 81.443 21.4 1.184 
3.B40 1481.9 82.536 19.6 1.093 
5.940 IS00.7 83.580 IB.7 1.044 
6.040 1517.5 84.515 16.B 0.935 
6.140 1532.3 85.341 14.B 0.825 
6.240 1545.4 86.073 13.1 0.732 
6.340 1557.8 BE.764 12.4 0.691 
6.440 1569.1 87.363 11.2 0.625 
E.540 1576.6 67.919 9.5 0.530 
E.E40 I3BG.0 9B.33I 7.4 0.412 
G.740 1392.7 88.703 6.7 0.372 
6.840 1398.5 89.02E 5.6 0.323 
E.940 1603.S B9.332 5.3 0,306 
7.040 1609.1 B9.EIB 3.1 0.287 
7.140 IGI3.3 B9.B55 4.3 0.237 
7.240 1616.4 90.135 3.0 0.260 
7.340 1624.0 90.449 3.6 0.314 
7.440 1629.3 90.734 3.5 0.303 
7.540 1633.4 91.08E 6.0 0.332 
7.640 IE42.4 91.472 6.8 0.386 
7.740 1E50.3 91.911 7.9 0.430 
7.840 1659.3 92.427 9.3 0.517 
7.9«0 1GE9.2 92.965 9.6 0.537 
8.040 1678.E 93.468 8.4 0.523 
6.140 1687.3 93.905 0.9 0.497 
6.240 1696.1 94.575 10.6 0.591 
B.340 170S.fi 93.214 11.3 0.639 
0.440 1721.0 93.649 11.4 0.635 
8.540 1731.3 9G.434 10.3 0.5B5 
8.640 1743.2 97.090 11.8 0.656 
B.740 1754.9 97.739 11.7 0.E49 
B.840 I76E.0 98.337 II.1 O.EIB 
8.940 1776.2 96.927 10.2 0.370 
B.040 17BE.2 99.401 9.9 0.333 
8.140 1793.3 100.000 9.3 0.319 
9.240 1795.3 100.000 0.0 0.000 
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CRUISE N80IM SAMPLE CI-2 
PHI PSI WEIGHT conn i FREflH FKOH I 
2.500 -I.62B 0.0 0.000 0.0 0.000 
2.550 -I.52B 0.0 .    0.000 0.0 0.000 
2.600 -I.42B 0.0 0.000 0.0 0.000 
2.E50 -I.33B 0.0 0.000 0.0 0.000 
2.700 -I.22B 0.0 0.000 0.0 0.000 
2.750 -I.I2B 0,0 0.000 0.0 0.000 
2.BOO -I.02B 0.0 0.000 0.0 0.000 
2.950 -0.92B 0.0 0.000 0.0 0.000 
m =8:95i 8:8 8:888 8:8 8:888 
3.000 -0.62B 0.0 0.000 0.0 o.ooo 
3.050 -0.328 0.0 0.000 0.0 0.000 
3.100 -0.428 0.0 0.000 0.0 o.ooo 
3.150 -0.328 0.0 o.ooo 0.0 o.ooo 
3.200 -0.228 0.0 o.ooo 0.0 0.000 
3.250 -0.128 0.0 0.000 0.0 0.000 
3.300 -0.02B 2.8 0.193 2.B 0.193 
3.350 0.072 11.4 0.782 8.5 0.507 
3.400 0.172 20.6 1.416 9.2 0.634 
3.450 0.272 30.5 2.098 9.9 0.6B2 
3.500 0.372 40.4 2.7B0 9.9 0.6B2 
3.550 0.472 50.7 3.490 10.3 0.711 
3.600 0.572 61.4 4.228 10.7 0.73B 
3.E50 0.672 72.1 4.967 10.7 0.738 
3.700 0.772 B2.5 5.691 10.4 0.714 
3.750 0.872 93.2 6.419 10.7 0.738 
3. BOO 0.S72 104. B 7.214 11.3 0.735 
3.H50 1.072 lib.9 8.047 12.1 0.032 
3.900 1.172 129.2 8.900 12.4 0.B33 
3.950 1.272 141.9 9.77? 12.7 O.B72 
4.000 1.372 154.4 10.633 12.5 0.861 
4.050 1.472 IC6.S 11.467 12.1 0.635 
4.100 1.572 178.8 12.314 12.3 0.847 
i-M m 181:3 IfcJS \i-.l 0.064 0.B9I 
4.250 1.872 217. C 14.996 13.3 0.917 
4.300 1.972 230.9 I5.B99 13.3 0.913 
4.350 2.072 244.4 16.030 13.5 0.931 
4.400 2.172 257,6 I7.73B 13.2 0.907 
4.450 2.272 270.5 16.C29 12.9 0.B92 
4.500 2.372 284.1 I9.5CI 13.5 0.932 
4.550 2.472 2SB.1 20.529 14.1 O.USO 
'4.600 2.372 • 312.4 ■21.310 14.2 0,981- 
4.650 2.672 326.3 22.487 14.2 0.977 
4.700 2.772 340.9 23.475 14.4 0.98B 
4.750 2.872 335.4 24.475 14.5 1.000 
4.BOO 2.972 370.1 23.4BB 14.7 1.013 
4.850 3.072 3B5.1 26.519 15.0 1.031 
4.300 3.172 400.2 27.557 13.1 1.03B 
4.950 3.272 415.4 28.607 15.2 1.030 
5.000 3.372 430.6 29.656 15.2 1.049 
5.050 3.472 446.3 30.736 15.7 I.OSI 
5.100 3.572 461.3 31.780 15.2 1.043 
5.150 3.672 476.9 32.B39 15.4 1.058 
5.200 3.772 492.6 33.924 15.8 1.086 
PHI PSI HEIGHT CUMH Z THEOU FREOW I 
3.230 3.872 308.7 35.034 16.1 1.110 
3.300 3.972 324.9 36.143 16.1 I.Ill 
5.350 4.072 541.0 37.252 IE.I 1.107 
3.400 4.172 357.3 38.380 16.4 I.I2B 
3.450 4.272 374.1 39.532 IE.7 1.132 
3.500     .   4.372 391.4 40.725 17.3 1.102 
3.530 4.472 608.B 41.926 17.3 1.202 
3.600 4.572 626.4 43.137 17.6 1.211 
3.630 4.672 644.3 44.379 1B.0 1.242 
5.700 4.772 663.3 45.69] 19.0 1.312 
3.750 4.B72 683.1 47.039 19.E 1.347 
3.800 4.972 702.9 48.401 19.B 1.363 
3.830 5.072 723.0 49.788 20.1 1.386 
3.900 3.172 743.3 51.201 20.3 1.413 
3.950 5.272 764.4 32.639 20.9 1.438 
6.000 5.372 783.9 54.120 21.3 1.481 
6.030 3.472 807.9 35.633 22.0 1.513 
6.100 3.572 B30.3 57.180 22.3 1.547 
6.130 3.672 B32.6 58.725 22.4 1.346 
6.200 5.772 B73.2 60.269 22.4 1.344 
6.250 5.872 897.4 61.799 22.2 1.330 
6.300 3.972 919.2 63.301 21. B 1.502 
6.350 6.072 B4I.4 64.826 22.1 1.323 
6.400 6.172 863.9 66.380 22.6 1.334 
6.450 6.272 985.9 67.890 21.9 1.310 
6.500 6.372 1008.0 69.414 22.1 1.324 
6.550 6.472 1029.2 70.874 21.2 1.460 
6.600 6.372 1049.8 72.295 20.6 1.421 
6.630 6.672 1070.3 73.701 20.4 1.406 
6.700 E.772 1090.9 73.122 20.6 1.421 
6.730 E.B72 1111.8 76.361 20.S 1.440 
6.BOO 6.972 1132.4 77.981 20.6 1.418 
6.830 7.072 1132.2 79.341 19.8 1.360 
6.900 7.172 1171.6 60.678 19.4 1.337 
6.950 7.272 1190.6 BI.9BB 19.0 1.310 
7.000 7.372 1209.B B3.3I0 IS.2 1.322 
7.050 7.472 1228.B 84.616 19.0 1.307 
7.100 7.572 1247.2 83.883 18.4 1.267 
7.150 7.672 1263.3 87.147 16.4 1.264 
7.200 7.772 I2B3.3 BB.384 1B.0 1,237 
7.250 7.872 1300.4 B9.53I IE.9 1.167 
7.300 7.972 1316.0 90.627 13.6 1.076 
7.330 B.072 1331.3 91.678 15.3 1.051 
7.400 B.172 1344.8 92.617 13.6 0,939 
7.450 8,272 1338.7 93.561 13.7 0.945 
7.500 8.372 1371.B 94.464 13,1 0.802 
7.550 8.472 1303.9 95.299 12.1 0.833 
7.600 8.572 1394.9 96.039 II.0 0.760 
7.630 6.672 1406.1 9E.B31 11.2 0.772 
7.700 B.772 1416.7 97.358 10.5 0.726 
7.730 8.872 1426.4 96.226 9.7 0.668 
7.BOO B.972 1433.2 98.834 B.B 0.606 
7.850 8.072 1444.0 89.434 8.7 0.600 
7.800 9.172 1432.2 100.000 B.2 0,366 
7.950 B.272 1432.2 100,000 0.0 0,000 
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APPENDIX 4A (continued) 





























































































































































































































































































































































































































































cum 1 FREOM FREOM X 
34.098 33.9 1.434 
35.537 40.0 1.440 
37.000 40.7 1.462 
3B.490 41.4 1.480 
39.978 41.4 I.4BB 
41.511 42.6 1.533 
43.098 44.1 I.5B7 
44.715 45.0 1.617 
46.382 46.3 1.667 
4B.047 48.3 1.6SS 
49.707 46.1 1.660 
51.362 46.0 1.655 
33.065 47.3 1.703 
54.770 47.4 1.705 
56.444 46.5 1.674 
58.115 46.5 1.672 
39.781 46.3 I.E6E 
61.411 45.3 1.630 
62.974 43.4 1.SE3 
64.545 43.7 1.371 
E6.IIB 43.7 1.373 
67.685 43.6 1.387 
69.249 43.5 1.384 
70.744 41.6 1.493 
72.173 39.7 1.429 
73.610 39.9 1.437 
73.038 39.7 1.477 
76.388 37.5 1.331 
77.602 33.9 1.293 
78.990 36.4 I.30B 
BO.274 35.7 1.284 
81.516 34.5 1.242 
62.670 32.1 1.134 
83.787 31.0 1.117 
84.887 30.6 1.101 
83.950 29.3 1.062 
66.962 28.1 1.012 
87.900 26.1 0.938 
BB.76E 24.1 0.B6E 
B8.663 24.9 0.B87 
90.542 24.4 0.879 
81.348 22.4 0.806 
92.106 21.1 0.73B 
92.796 19.2 0.692 
93.527 20.1 0.724 
94.289 21.3 0.767 
B5.037 21.4 0.769 
95.817 21.0 0.734 
96.561 20.8 0.748 
97.325 21.3 0.763 
98.049 20.1 0.723 
98.718 IB.6 0.668 
99.351 17.6 0.633 
100.000 18.0 0.648 
100.000 0.0 0.000 
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CRUISE MB201A SAMPLE C4-2 
PHI PS I HEIGHT am I FREIW FREOH 1 
2.500 -1.396 0.0 0.000 0.0 0.000 
2.550 -I.49E 0.0 0.000 0.0 0.000 
2.600 -1.396 0.0 • 0.000 0.0 0.000 
2.850 -I.29C 0.0 0.000 0.0 o.ooo 
2.700 -I.IS6 0.0 0.000 0.0 0.000 
2.750 -1.096 0.0 o.ooo 0.0 0.000 
2. BOO -0.996 0.0 0.000 0.0 o.ooo 
2.B50 -0.896 0.0 o.ooo 0.0 o.ooo 
2.900 -0.736 0.0 0.000 0.0 0.000 
2.350 -0.636 0.0 0.000 0.0 o.ooo 
3.000 -0.3U6 0.0 0.000 0.0 0.000 
3.050 -0.496 0.0 0.000 0.0 0.000 
3.100 -0.396 0.0 0.000 0.0 0.000 
3. ISO -0.296 0.0 o.ooo 0.0 .0.000 
3.200 -0.196 0.0 0.000 0.0 o.ooo 
3.2S0 -0.09D 0.0 0.000 0.0 0.000 
3.300 0.004 0.0 o.ooo 0.0 o.ooo 
3.350 0.104 0.0 o.ooo 0.0 0.000 
3.400 0.204 0.0 0.000 0.0 0.000 
3.450 0.304 0.0 0.000 0.0 0.000 
3.500 0.404 14.3 0.4B3 14.3 0.483 
3.550 0.304 39.1 1.321 24.B 0.837 
3.COO 0.604 66.0 2.227 26.9 0.906 
3.650 0.704 93.5 3.153 27.3 0.929 
3.700 0.B04 121.1 4.0B6 27.6 0.931 
3.730 0.904 149.5 3.043 28.3 0.956 
3.600 1.004 177.2 5.978 27.7 0.935 
3.650 1.104 205.9 6.947 28.7 0.969 
S.OoO 1.204 234.6 7.915 28.7 0.968 
3.950 1.304 2C3.5 e.eeu 28.9 0.974 
4.000 1.404 292.3 9.660 28.B 0.972 
4.050 1.304 321.9 10.060 29.E 1.000 
4.100 1.604 350.2 11.BIS 26.3 0.955 
4.130 1.704 390.3 I2.B2B 30.0 1.013 
4.200 1.004 410.2 13.B3B .     29.9 1.009 
4.250 1.904 438.6 14.797 28.4 0.960 
4.300 2.004 466.2 15.794 29.6 0.997 
4.350 2.104 495.3 IE.711 27.2 0.916 i-.m 3:381 m-.i I2:fl? m m 
4.300 2.404 303.8 19.696 29.8 I.OOS 
4.330 2.504 615.1 20.749 31.2 1.053 
4.600 2.604 643.2 21.767 30.2 1.017 
4.£50 2.704 677.5 22.055 32.3 1.089 
4.700 2.604 710.0 23.952 32.5 I.09C 
4.730 2.904 744.2 25.107 34.2 1.155 
4.600 3.004 779.6 26.300 35.4 1.193 4.no 3.104 817.B 77.330 38.2 |-;M0- 
4. bOO 3.204 B53.5 2B.063 37.7 1.272 
4.930 3.304 693.4 30.140 37.3 1.278 
3.000 3.404 931.2 31.416 37.0 1.275 
3.050 3.304 968.5 32.672 37.3 1.257 
5.100 3.604 1007.7 33.997 39.3 1.324 
3.150 3.704 1049.2 33.396 41.5 1.399 
3.200 3.B04 1090.B 36.799 41.6 1.403 
PHI PSI HEIGHT CUWt X FREOU 
3.230 3.904 1131.0 38.136 40.2 
3.300 4.004 1170.7 39.496 39.7 
3.350 4.104 1210.4 40.835 39.7 
5.400 4.204 1250.2 42.177 39.B 
3.450 4.304 1290.B 43.347 40.6 
3.500 4.404 1333.6 44.990 42.B i-m i-.m mu 15:763 «:? 
5.650 4,704 1457.5 49.171 41.7 
5.700 4.804 1499.2 30.576 41.7 
5.750 4.904 1539.6 31.933 40.4 
5.800 3.004 15B2.9 53.400 43.3 
5.850 3.104 1629.0 34.956 46.1 
3.900 5.204 1676.7 36.5E4 47.6 
S.9S0 5.304 1723.3 58.136 46.6 
6.000 5.404 1765.4 59.693 46.1 
6.030 3.304 1BI5.7 61.253 46.3 
6.100 3.604 1061.5 62.BOO 43. B 
6.130  . 5.704 1905.0 64.403 47.3 
6.200 5.804 195E.2 65.993 47.2 
6.250 3.904 2001.9 67.533 43.7 
6.300 6.004 2046.1 69.026 44.2 
6.350 6.104 2091.2 70.550 45.2 
6.400 6.204 2135.5 72.043 44.3 
6.450 6.304 2178.1 73.481 42.B 
6.500 6.404 2220.2 74.901 42.1 
6.530 6.504 2260.9 76.273 40.7 
6.600 E.604 2302.3 77.671 41.3 
6.650 6.704 2341.5 78.991 39.1 
C.700 6.904 2378.0 BO.223 36.3 
6.750 6.904 2413.6 B1.426 35.7 
E.BOO 7.004 244B.4 02.600 34.B 
6.B50 7.104 2482.0 B3.732 33.6 
6.900 7.204 2515.3 B4.B63 33.5 
6.950 7.304 2546.9 B5.923 31.4 
7.000 7.404 2577.0 B6.937 30.0 
7.050 7.504 2606.7 B7.939 29.7 
7.100 7.C04 2633.7 BB.919 29.0 
7.130 7.704 26G5.3 B9.9I6 29.6 
7.200 7.804 2693.5 90.B69 28.2 
7.250 7.904 2721.4 SI.608 27.B 
7.300 B.004 2749.6 92.761 28.2 
7.350 8.104 2773.1 93.354 23.5 
7.400 6.204 2794.6 94.280 21.5 
7.450 B.304 2BI5.2 B4.S73 20.6 
7.500 B.404 2B35.B 95.669 20.6 
7.550 8.504 2855.3 96.325 19.4 
7.600 8.604 2B75.0 96.991 18.7 
7.E50 0.704 2892.6 97.5BS I7.E 
7.700 B.B04 2908.7 96.127 IE.I 
7.750 6.904 2922.7 98.600 14.0 
7.BOO 9.004 2936.6 99.067 13.9 
7.B50 9.104 294B.2 89.495 12.7 
7.900 9.204 2961.2 99.B99 12.0 

























































APPENDIX 4A (continued) 
CRUISE M901M SAWLE CI-3 
PHI P5I UtlG.lt CUftl X FREBM FREOW X 
2.500 -1.660 0.0 0.000 0.0 O.OOu 
2.550 -1.560 0.0 0.000 0.0 0.000 
2.600 -1.460 0.0 ' 0.000 0.0 0.000 
2.G50 -1.360 0.0 0.000 0.0 0.000 
2.700 -1.260 0.0 0.000 0.0 0.000 
2.750 -1.160 0.0 0.000 0.0 0.000 
2. BOO -1.060 0.0 0.000 0.0 0.000 
2.850 -0.960 0.0 0.000 0.0 0.000 
2.900 -O.BEO 0.0 0.000 0.0 0.000 
2.930 -0.760 0.0 0.000 0.0 0.000 
3.000 -0.660 0.0 0.000 0.0 0.000 
3.030 -0.560 0.0 0.000 0.0 0.000 
3.100 -0.460 0.0 0.000 0.0 0.000 
3.130 -0.360 0.0 0.000 0.0 0.000 
3.200 -0.Z60 0.0 0.000 0.0 0.000 
3.250 -0.160 0.0 0.000 0.0 0.000 
3.300 -0.060 4.1 0.131 4.1 0.131 
3.350 0.040 23.8 0.7E3 19.7 0.G33 
3.400 0.140 4B.0 1.336 24.2 0.773 
3.430 0.240 73.0 2.339 23.0 0.801 
3.300 0.340 101.3 3.24S 28.3 0.607 
3.350 0.440 129.8 4.IE0 28.5 0.913 
3.600 0.340 160.5 3.142 30.7 0.982 
3.630 0.E4O 190.1 6.090 29.E 0.848 
3.700 0.740 220.8 7.076 30.B 0.986 
3.730 0.640 232.1 8.075 31.2 1.000 
3.800 0.940 283.6 9.085 31.3 I.010 
3.B50 1.040 316.8 10.131 33.2 1.063 
3.BOO 1.140 330.2 11.220 33.4 1.070 
3.930 1.240 383.1 12.275 32.9 I.055 
4.000 1.340 416.C 13.346 33.4 1.071 
4.050 1.440 450.2 14.424 33.7 1.078 
4.100 I.540 403.3 15.484 33.1 1.060 
4.130 1.640 517.7 IE.586 34,4 I.101 
m l:«8 IM 12:2B! 1H l:\ll 
4.300 1.940 625.1 20.029 3E.3 1.164 
4.350 2.040 EGO.9 21.175 35.B 1.14E 
4.400 2.140 B96.5 22.314 35.6 I.140 
4.450 2.240 731.1 23.422 34.6 1.10B 
4.300 2.340 765.0 24.509 33.3 1.087 
4.350 2.440 799.0 23.E0O 34.1 1.091 
4.600 2.340 834.4 26.734 33.4 1.134 
4.650 2.640 • 069.9 27.870 33.3 17136" 
4.700 2.740 905.6 29.013 33.7 1.143 
4.750 2.840 940.7 30.139 33.1 1.128 
4.800 2.940 976.0 31.269 35.3 1.130 
4.850 3.040 1012.4 32.436 3£.4 1.167 
4.900 3.140 1047.9 33.572 35.4 1.136 
4.930 3.240 1084.5 34.746 36.7 1.175 
5.000 3.340 1121.1 35.919 36.6 1.173 
3.030 3.440 1156.9 37.068 35.B 1.148 
5.100 3.340 1192.2 38.195 35.2 1.128 
S.I50 3.640 1227.0 39.311 34.8 I.116 
3.200 3.740 I2E0.E 40.388 33.6 1.077 
HI PS I HEIGHT CUfl X FREQU FREOU X 
3.250 3.840 1293.8 41.433 33.2 1.063 
3.300 3.940 1327.B 42.341 34.0 I.0B8 
3.350 4.040 1361.3 . 43.619 33.E 1.078 
3.400 4.140 1394.9 44.690 33.4 1.072 
3.430 4.240 1426.1 43.689 31.2 0.988 
5.300 4.340 1460.0 46.777 34.0 I.08B 
3.550 4.440 1494.4 47.877 34.3 1.100 
5.600 4.340 1528.3 4B.9E5 34.0 l.OBB 
S.CSO 4.E40 1563.E 30.095 35.3 1.131 
3.700 4.740 1601.3 31.304 37.7 1.209 
5.730 4.840 1638.0 32.479 36.7 1.173 
5.800 4.940 1E7E.2 33.702 38.2 1.223 
3.850 3.040 1716.0 34.977 39.8 1.275 
3.900 3.140 1757.7 36.315 41.8 1.338 
3.930 3.240 IB00.9 57.B97 43.1 1.382 
6.000 3.340 1844.4 39.090 43.5 1.393 
6.030 3.440 1887.B 60.4B3 43.3 1.393 
6.100 3.340 1929.3 61.811 41.4 1.328 
6.150 3.640 
5.740 
1970.3 63.131 41.2 1.320 
6.200 2011.9 64.439 41.4 1.328 
6.230 3.840 2050.B ES.703 38.8 1.244 
6.300 5.940 20B7.4 EE.B7E 36. E 1.172 
6.330 6.040 2123.3 SB.090 37.9 1.214 
6.400 E.140 21E1.I E9.239 33.B 1.149 
6.430 E.240 2193.2 70.331 34.1 1.092 
6.300 E.340 222B.4 71.395 33.2 1.063 
6.350 E.440 2260.1 72.411 31.7 1.016 
6.600 6.340 2297.4 73.445 32.3 1.033 
6.650 6.640 2324.3 74.4GE 31.9 1.021 
6.7vO 6.740 2355.E 75.469 31.3 1.003 
B.730 6.840 238E.7 76.466 31.1 0.9B8 
E.BOO 6.840 2418.3 77.478 31.6 1.012 
E.B30 7.040 2450.5 78.309 32.2 1.031 
6.900 7.140 2483.5 79.5E7 33.0 1.038 
E.950 7.240 25)6.0 80.608 32.3 1.041 
7.000 7.340 2548.4 B1.E47 32.4 1.038 
7.050 7.440 2582.7 B2.74E 34.3 1.100 
7.100 7.340 2GIE.5 B3.B28 33.8 1.0B2 
7.130 7.640 2650.4 84.814 33.8 l.OBE 
7.200 7.740 2884.4 86.004 34.0 1.090 
7.250 7.B40 2719.0 87.112 34.6 1.108 
7.300 7.840 2754.2 88.241 35.2 1.129 
7.350 8.040 2788.4 89.334 34.1 1.084 
7.400 8.140 2821.0 90.381 32.7 1.04E 
7.450 8.240 2853.3 91.414 32.3 1.033 
7.500 8.340 2886.4 82.476 33.1 1.062 
7.350 8.440 2919.1 93.522 32.7 1.046 
7.600 8.340 2951.6 94.364 32.5 1.041 
7.650 8.640 2982.3 95.549 30.8 0.886 
7.700 B.740 3011.7 96.4B9 29.3 0.839 
7.750 8.840 3040.3 87.412 28.8 0.924 
7.800 8.940 3063.3 98.207 24.8 0.784 
7.B50 9.040 3087.8 98.929 22.5 0.722 
7.800 9.140 3107.5 99.560 19.7 0.632 
7.930 9.240 3121.3 100.000 13.7 0.440 
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PHI PS1 HEIGHT cum I rx.au 
2.500 -1.628 0.0 0.000 0.0 
2.550 -I.52B 0.0 ■ 0.000 0.0 
2.600 -I.42B 0.0 0.000 0.0 
2.630 -1.32B 0.0 0.000 0.0 
2.700 -1.22B 0.0 0.000 0.0 
2.7S0 -1.128 0.0 o.ooo 0.0 
2.800 -I.028 0.0 o.ooo 0.0 
2.B50 -0.920 0.0 0.000 0.0 
2.900 -0.B2B 0.0 0.000 0.0 
2.350 -0.720 0.0 0.000 0.0 
3.000 -0.E2B 0.0 0.000 0.0 
3.050 -0.52B 0.0 0.000 0.0 
3.100 -0.428 0.0 o.ooo 0.0 
3.130 -0.328 0.0 o.ooo 0.0 
3.200 -0.22B 0.0 0.000 0.0 
3.230 -0.128 0.0 0.000 0.0 
3.300 -0.02B 0.0 0.000 0.0 
3.350 0.072 0.0 0.000 0.0 
3.400 0.172 0.3 0.010 0.3 
3.430 0.272 13.9 0.768 19.6 
3.300 0.372 40.1 1.547 20.2 
3.330 0.472 El.2 2.364 21.2 
3.6O0 0.372 83.4 3.223 22.2 
3.E30 0.672 10E.3 4.107 22.9 
3.700 0.772 130.2 5.030 23.9 
3.750 0.677 154.6 5.371 24.4 
3.000 0.372 179.3 6.326 24.7 
3.850 1.072 204.9 7.912 25.5 
3.900 1.172 230.3 B. 896 25.5 
3.950 1.272 256.0 9.007 25.7 
4.000 1.372 2BI.I I0.B57 25.1 
4.050 1.472 306.4 11.035 25.3 
4.100 1.572 332.3 I2.B35 25.9 
4.130 1.672 3SB.6 13.849 21i.3 
t:M \-M 384.4 410.5 I4.B4B 15.854 25.9 26.1 
4.300 1.372 436.9 IE.B75 26.4 
4.350 2.072 4E2.9 I7.B77 25.9 
4.400 2.172 48!).6 18.911 26. B 
4.450 2.272 517.7 19.994 2D.1 
4.500 2.372 545.6 21.074 2B.0 
4.550 2.472 574.3 22.103 2(1.7 
4.E00 2.572 603.6 23.314 29.3 
4.E30 2.672   ■ • 632.a 24.441 
25.356 
29.2 
4.700 2.772 6EI.7 2B.9 
4.750 2.B72 691.1 26.694 29.4 
4.BOO 2.372 721.0 27.B46 29.B 
4.B50 3.072 731.7 29.033 30.7 
4.900 3.172 7B2.2 30.210 30.5 
4.D30 3.272 BI2.9 31.398 30. B 
5.000 3.372 B43.1 32.563 30.1 
5.050 3.472 B72.B 33.713 29. a 
5.100 3.572 904.1 34.921 31.3 
3.130 3.672 938.0 36.151 31.9 
5.200 3.772 96B.0 37.380 32.0 
CRUISC  M8I01A SAMPLE C2-3 
FKEBM 7. PHI PSI WEIGHT CUM 1 
0.000 5.250 3.072 1001.3 38.682 
0.000     . 5.300 3.372 1034.9 39.973 
0.000 5.330 4.072 1068.9 4I.2B6 
0.000 5.400 4.172 1101.8 42.354 
0.000 3.450 4.272 1135.1 43.B42 
0.000 3.500 4.372 1170.3 43.200 
0.000 3.550 ' 4.472 1205.3 46.363 
0.000 5.600 4.372 1241.4 47.946 
0.000 5.630 4.672 1270.0 48.359 
0.000 5.700 4.772 1313.6 30.738 
0.000 5.750 4.872 1350.9 32.176 
0.000 3.BOO 4.972 1380.3 53.630 
0.000 5.850 3.072 1425.9 33.073 
0.000 3.900 3.172 1463.6 56.529 
0.000 5.950 3.272 1502.6 58.037 
0.000 6.000 5.372 1340.9 39.314 
0.000 6.050 3.472 1379.2 60.995 
O.OOO 6.100  .       3.372 1616.E 62.440 
G.OIO 6.130 3.672 IE54.3 63.B33 
0.737 6.200 3.772 1691.9 63.346 
0.779 6.230 3.072 1728.B 66.772 
0.817 E.300 3.972 1763.3 68.191 
0.B58 6.350 6.072 1801.9 69.538 
0.885 6.400 6.172 1B39.I 71.033 
0.923 6.450 6.272 1B76.7 72.4B3 
0.341 E.300 6.372 1911.B 73.B39 
0.933 6.330 6.472 1946.2 75.16B 
0.9B7 6.600 6.572 1979.5 76.456 
0.9B4 6.650 6.672 2011.2 77.6BI 
0.991 E.700 6.772 2041.3 7B.B65 
0-970 £-7so 6.072 2070.7 79.977 
0.97B 6.800 6.972 2098.6 BI.056 
0.993 G.050 7.072 2125.6 B2.IO0 
'•015 E.900 7.172 2150.2 B3.049 
0.399 fi.950 7.272 2172.7 83.317 
'•006 7,000 7.372 2194.0 B4.742 
•0<;S 7.050 7.472 2216.6 05.612 
•°02 7.100 7.372 2240.8 BE.540 
•JJj 7.150 7.£72 2264.2 07.450 
•084 7-200 7.772 22&1.0 08.333 
•080 v.250 7.B72 2310.4 B9.23B 
••OS 7.300 7.972 2334.2 30.156 
!•'■" 7.350 0.072 2357.5 91.054 
'••™ 7.400 B.I72 2376.7 9I.B72 
'••IB 7.450 B.272 2400.6 92.713 
1.136 7.500 B.372 2424.0 93.625 
1.152 7.530 B.472 2447.7 94.538 
1.167 7.600 8.372 2470.4 83.416 
1.177 7.650 B.E72 2431.B 96.242 
I.IBB 7.700 B.772 2312.4 97.040 
1.164 7.750 6.672 2533.0 97.B3S 
1.150 7.BOO 0.972 2553.6 90.630 
1.20B 7.050 9.072 2572.1 99.345 
1.230 7.900 3.172 23B9.I 100.000 
1.230 7.950 9.272 2589.1 100.000 

























































.APPENDIX 4A (continued) 
mi PSI HEIGHT CUW1 X FHEUW 
2.300 -1.628 0.0 0.000 0.0 
2.350 -I.52B 0.0 , 0.000 0.0 
2.BOO -1.420 0.0 0.000 0.0 
2.650 -1.32B 0.0 0.000 0.0 
2.700 -1.22B 0.0 o.ooo 0.0 
2.710 -1.128 0.0 0.000 0.0 
2. BOO -1.02B 0.0 0.000 0.0 
2. BIO -0.92B 0.0 0.000 0.0 
2.900 -0.B2B 0.0 o.ooo 0.0 
2.950 -0.728 0.0 0.000 0.0 
3.000 -0.62B 0.0 0.000 0.0 
3.050 -0.52B 0.0 o.ooo 0.0 
3.100 -0.428 0.0 0.000 0.0 
3.150 -0.32B 0.0 o.ooo 0.0 
3.200 -0.22B 0.0 0.000 0.0 
3.250 -0.12B 0.0 0.000 0.0 
3.300 -0.02B 0.0 0.000 0.0 
3.350 0.072 0.0 0.000 0.0 
3.400 0.172 0.0 0.000 0.0 
3.450 0.272 0.0 0.000 0.0 
3.500 0.372 0.0 0.000 0.0 
3.550 0.472 0.0 0.000 0.0 
3. BOO 0.572 0.0 0.000 0.0 
3.650 O.E72 0.2 0.007 0.2 
3.700 0.772 12.7 0.432 12.5 
3.750 0.872 27.0 0.962 14.3 
3.BOO 0.9?2 41 .0 1.493 14.9 
3.850 1.072 57.0 2.028 15.0 
3.900 1.17? 71.7 2.553 "■I 3.950 1.272 06.1 3.063 14.3 
4.000 1.372 99.9 3.556 13.S 
4.050 1.472 114.1 4.061 14.2 
4,100 1.572 129.1 4.51)4 15.0 
m \-M \tu IM 16.0 17. a 
4.250 ».87? IB1.7 6.467 IB. B 
4.300 1.972 202.7 7.216 21.0 
4.350 2.072 224.9 8.004 22.1 
4.400 2.172 247.1 B.795 22.2 
4.450 2.272 271.6 9.667 24.5 
4.500 2.372 2KB. 7 10.562 25.1 
4.550 2,472 324.5 11.543 27.7 
4.E00 2.372 ■ ' 332.1 -   12.333 27.B 
4.C50 2.672 379.7 13.5!' 27.6 
4.700 2.772 406. B 14.41V.' 27.1 
4.750 2.B72 433.3 13.424 26.5 
4.BOO 2.972 4C0.1 IB.375 26.7 
4.1150 3.072 46B.B 17.397 2B.7 
4.900 3.172 31B.3 IB.446 29.5 
4.950 3.272 S4B.S 13.534 30.6 
3.000 3.372 5B2.B 20.742 33.9 
5.050 3.472 BI7.S 2I.37B 34.7 
3.100 3.572 654.3 23.296 37.0 
5.150 3.672 £94.2 24.709 39.7 
5.200 3.772 736.1 26.200 41.S 

























































PHI Pfil HEIGHT CUHM X FKOU FKOM X 
5.250 3.872 7BI.B 27.B2E 45.7 I.E2E 
3.300 3.972 B2B.9 29.504 47.2 I.E7B 
5.350 4.072 877.0 31.216 48.1 1.712 
3.400 4.172 925.4 32.939 48.4 1.723 
3.450 4.272 973.9 34.664 4B.3 1.7ZB 
5.500 4.372 1023.0 3E.4I3 49.1 1.749 
3.550 4.472 1073.1 38.193 30.0 I.7B0 
5. COO 4.372 1121.9 39.933 48.9 1.740 
5.E30 4.672 1171.0 41.E7B 49.0 1.744 
5.700 4.772 1220.3 43.434 49.4 1.737 
5.750 4.872 I2EB.1 43.136 47.a 1.702 
5. BOO 4.972 1317.2 46.B83 49.1 I.74E 
5.B30 5.072 1363.0 4S.5B3 47.8 1.703 
5.900 3.172 1414.3 30.343 49.4 1.760 
1-938 i-.m ia-3 mil m m 
6.050 3.472 13E3.0 55.630 49.1 1.748 
i.\n. im IBM.7 1662.1 u-.ni %:1 kffl 
6.200 3.772 1713.6 60,994 31.£ 1.B33 
6.250 3.B72 1764.a 62.BIB 31.3 1.B24 
6.300 5.972 1BI6.4 64,650 31.3 1.832 
6.350 E.072 1BE7.I ££.433 30.7 1.B05 
£.400 6.172 1915.3 EB.I7I 48.2 1.716 
G.450 E.272 1962.a £9.BEE 47.E I.E93 
6.500 6.372 2010.5 71.561 47.E 1.E95 
6.550 6.472 2056.3 73.191 43.a 1.630 
£.600 £.372 2102.0 74.BI7 43.7 1.E2E 
6.E50 E.E72 2146.3 76.393 44.3 I.37B 
6.700 £.772 2105.9 77.801 39.3 1.406 
B.750 B.B72 2223.E 79,143 37.7 1.342 
6.900 E.972 22E1.1 B0.4B0 37.E 1.337 
£.050 7.072 2298.1 61.737 37.0 1.317 
6.900 7.172 2332.7 BJ.02E 34.3 1.229 
6.950 7.272 236S.7 84.237 34.0 1.211 
7.000 7.372 2399.6 B5.409 32.9 1.172 
7.030 7.472 242B.I BE.424 2B.3 1.013 
7.100 7.572 2453.6 87.330 23.3 0.906 
7.150 7.672 2479.a BB.2E3 2E.2 0.B33 
7.200 7.772 2504. E B9.14E 24.a 0.BB3 
7.250 7.B72 2327.3 89.955 22.7 0.BO9 
7.300 7.972 2330.5 90.780 23.2 0.823 
7.330 8.072 2372.9 91.577 22.4 0.797 
7.400 0.172 2391.3 92.240 IB.E 0.664 






2E35.B 11:® H:f m 
7.600 B.S72 267B.I 83.322 22.3 0.800 
7.E50 B.E72 2707.0 86.173 23.9 0.83! 
7.700 B.772 2722.4 96.900 20.4 0.727 
7.750 B.B72 2742.0 97.593 IB.3 0.E93 
7.BOO B.972 2762.3 98.319 20.4 0.723 
7.B30 9.072 27B3.E 99.078 21.3 0.73B 
7.900 9.172 2801.8 99.723 18.2 0.B47 
7.950 fl.272 2809,3 100.000 7.7 0.273 
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APPENDIX 4A (continued) 
CRUISE UB20IA EAMPLE C4-3 
PHI PSI HEIGHT cunn i mow FREQW I 
2.500 -1.660 0.0 0.000 0.0 0.000 
2.550 -1.560 0.0 0.000 0.0 0.000 
2.600 -1.460 0.0 '    0.000 0.0 0.000 
2.650 -1.360 0.0 0.000 0.0 0.000 
2.700 -1.260 0.0 0.000 0.0 0.000 
2.750 -1.160 0.0 0.000 0.0 0.000 
2.BOO -1.060 0.0 0.000 0.0 0.000 
2.BS0 -0.SE0 0.0 0.000 0.0 0.000 
2.BOO -COLO 0.0 0.000 0.0 0.000 
2.950 -0.760 0.0 0.000 0.0 0.000 
3.000 -0.660 0.0 0.003 0.0 0.000 
3.050 -0.560 0.0 0.000 0.0 0.000 
3.100 -0.460 0.0 0.000 0.0 0.000 
3.150 -0.360 0.0 0.000 0.0 0.000 
3.200 -0.260 0.0 0.000 0.0 0.000 
3.250 -0.160 0.0 0.000 0.0 0.000 
3.300 -0.060 0.0 0.000 0.0 0.000 
3.350 0.040 20.4 0.744 20.4 0.744 
3.400 0.140 47.7 1.741 27.3 0.397 
3.450 0.240 75.6 2.756 27.9 1.017 
3.500 0.340 104.6 3.B23 29.2 I.06S 
3.550 0.440 134.7 4.913 29.9 1.090 
3.600 0.340 166.5 6.076 31.9 1.163 
3.650 0.640 1S6.9 7.256 32.4 1.1B2 
3.700 0.740 231.9 B.4S9 32.9 1.201 
3.750 0.B40 265.1 9.674 33.3 1.215 
3.BOO 0.940 29B.5 10.809 33.3 1.215 
3.B50 1.040 333.0 12.146 34.5 1.259 
3.900 1.140 DOB.4 13.440 35.4 1.292 
3.950 1.240 403.3 14.714 34.9 1,775 
4.000 1.340 438.1 I5.9B4 34.B 1.270 
4.050 1.440 472.2 17.227 34.1 1.243 
4.100 1.540 504.2 IE). 395 32.0 1.160 
4.150 1.640 536.2 19.564 32.0 1.166 
1:88 1:218 3§2:3 M M 1:128 
4.300 1.940 629.3 22.959 31.1 1.133 
4.350 2.040 ESB.9 24.041 29.6 I.0B2 
4.400 2.140 669.2 25.145 30.3 1.104 
4.450 2.240 7IB.I 26.196 2B.9 1.053 
4.500 2.340 746.1 27.220 20.0 1.022 
4.550 2.440 776.9 2B.339 30.7 I.119 
4.600 2.340 BOB.B 29.506 32.0 1.169 
4.630 2.640 B40.9 30.681   ■    '    32.2     "     17173 
4.700 2.740 B75.2 3I.B33 34.3 1.252 
4.730 2.640 909.4 33,177 34.1 1.245 
4.BOO 2.940 943.9 34.512 36.6 1.335 
4.B50 3.040 963.6 33.BS6 37.7 1.373 
4.900 3.140 1022.3 37.298 36.7 1.411 
4.950 3.240 1062.7 38.772 40.4 1.474 
5.000 3.340 1103.7 40.269 41.0 1.497 
5.030 3.440 1146.2 4I.B20 42.3 1.330 
5.100 3.540 1108.9 43.376 42.7 1.557 
3.130 3.640 1230.6 44.099 41.7 1.323 
3.200 3.740 1270.9 46.360 40.3 1.469 
PHI PSi HEIGHT cunn X Ffx.au FREQU X 
5.250 3.840 1311.7 47.856 40. B I.4B8 
3.300 3.940 1331.B 4S.320 40.1 1.464 
3.330 4.040 1390.9 30.747 39.1 1.427 
5.400 4.140 1430.4 S2.1BE 39.4 1.436 
3.450 4.240 I46B.7 S3.5B4 36.3 1.3BS 
3.500 4.340 1306.9 54.979 38.2 1.393 
3.350 4.440 1544.4 56.346 37.S 1.367 
5.600 '   4.540 1580.4 57.6GI 36.0 1.313 
3.650 4.640 1613.7 38.947 33.3 1.266 
3.700 4.740 1651.1 60.241 33.5 1.294 
5.750 4.B40 1687.5 6l.56fl 36.4 1.327 
5.800 4.S40 1723.8 62.890 36.2 1.323 
5.B50 3.040 1738.0 64.I3B 34.2 1.248 
5.900 3.140 1791.3 63.333 33.4 1.216 
5.950 5.240 1823.0 66.313 31.7 1.137 
6.000 3.340 1854.5 67.661 31.5 1.149 
6.030 3.440 IBB7.E 68.870 33.1 1.208 
6.100 5.540 1921.0 70.0B3 33.3 1.213 
6.150 3.640 1954.2 71.299 33.3 1.214 
6.200 3.740 19U6.6 72.4B1 32.4 1.IB2 
6.250 3.840 2016.8 73.654 32.2 1.173 
6.300 3.940 204B.fi 74.744 29.9 I.0B9 
6.350 6.040 2077.7 73.B02 29.0 1.039 
6.400 6.140 2107.9 76.906 30.2 1.103 
6.430 6.240 2137.3 77.B7B 29.4 1.072 
6.500 6.340 2I6C.2 79.034 29.0 1.056 
C.S50 6.440 2192.0 79.973 25.7 0.939 
6.600 6.340 2215.5 60.830 23.3 0.857 
6.650 6.640 2237.0 81.617 21.E 0.787 
6.700 6.740 2259.3 B2.435 22.4 0.B1B 
6.750 6.640 22BI.E 83.243 22.2 0.809 
6. BOO 6.940 2302.3 B4.O06 20.9 0.762 
6.B50 7.040 2323.0 B4.753 20.5 0.747 
6.900 7.140 2344.E B5.54I 21.6 0.786 
6.950 7.240 2363.fi 86.234 IB.O 0.E92 
7.000 7.340 2383.6 86.963 20.0 0.730 
7.050 7.440 2402.4 87.650 IB.a 0.EB6 
7.100 7.340 2423.2 B8.409 20.6 0.739 
7.150 7.640 2445.1 B9.20B 21.9 0.799 
7.200 7.740 2463.5 B9.953 20.4 0.746 
7.250 7,840 2486.1 90.705 20.6 0.731 
7.300 7.940 2303.B 91.423 19.7 0.718 
7.350 8.040 2526.5 92.IB0 20.7 0.757 
7.400 8.140 2547.6 92.949 21.1 0.770 
7.450 B.240 2568.7 93.718 21.1 0.769 
7.500 B.340 25UB.3 B4.433 19.6 0.71B 
7.550 8.440 2609.3 83.701 M 0.767 0.773 7.600 B.340 2630.6 93.876 
7.630 8.640 2651.1 96.725 20.S 0.749 
7.700 B.740 2672.1 97.492 21.0 0.7E7 
7.730 6.640 2690.4 98.157 16.2 0.EE3 
7. BOO B.940 2709.1 98.638 IB.7 0.EB2 
7.B50 9.040 2725.6 93.442 IE.6 0.EO4 
7.900 9.140 2740.9 100.000 13.3 0.356 
7.930 9.240 2740.9 100.000 0.0 0.000 
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APPENDIX 4A (continued) 
csuist ueoiA SflnPU ci-4 
cm PSI Rtllvd Lunn 1 FKEIW FREOW J 
2.svo -i.sau 0.0 O.oOo 0.0 0.000 
r.sso -I.49G 0.0 . O.OoO 0.0 0.000 
2.600 -1.396 0.0 0.000 0.0 0.000 
2.650 -i.:9c o.O O.OOO 0.0 O.OOO 
:.7oo -1.196 0.0 0.000 0.0 0.000 
2.750 -l.ODC 0.0 0.00(1 0.0 O.uOO 
2. BOO -0.9SG 0.0 0.000 0.0 0.000 
2.050 -0.BS6 0.0 O.OUO 0.0 O.OOO 
2.9i>0 -0.796 0.0 O.OOO 0.0 0.000 
2.SM -0.6% 0.0 0.000 0.0 0.000 
a.ovo -0.596 0.0 O.OvO 0.0 0.000 
3.030 -0.496 0.0 o.ooo 0.0 0.000 
3.100 -0.396 0.0 0.000 0.0 0.000 
3.150 -0.296 0.0 0.000 0.0 O.OOO 3.:oo -0.190 0.0 O.OOu o.O O.OOO 
3.25u -0.O96 0.0 0.000 0.0 0.000 
a.joo 0.0O4 0.0 O.OOO 0.0 0.000 
3.310 0.104 19. B 0.641 is.e 0.641 
3.400 0.204 60.1 1.962 40.3 1.317 
3.410 0.304 101.0 3.327 41.0 1.365 
3.500 0.404 144.8 4.729 42.9 1.402 
3.510 0.504 166.0 6.101 42.0 1.372 
3.EO0 0.604 229.6 7.100 42.B 1.390 
3.ES0 0.704 272.5 6.903 43.0 1.403 
3.7u0 0.B04 314.B 10.205 42.3 1.302 
3.750 0.904 31G.9 11.CCO 42.1 1.375 
3.0'/0 1.004 399.0 I3.0G2 42.9 1.402 
3.850 1.104 442.6 14.464 42.9 1.402 
3.9u0 1.204 404.7 15.836 42.0 1.371 
3.95U 1.304 520.1 17.252 43.4 1.416 
4.0u0 1.404 571.8 10.679 43.7 1.427 
4.1*0 1.504 ClG.7 20.146 44.9 1.467 
4.100 1.604 662.6 21.654 46.2 1.108 
4.ISO 1.704 710.5 23.210 47.7 1.557 
4.200 1.804 759.6 24.014 45.1 1.603 
4.210 I.Su4 009.5 26.413 49.0 1.600 
4.300 2.004 060.2 20.101 51.7 1.600 
4.310 2.104 913.3 29.035 53.1 1.734 
4.400 2.204 S66.7 31.580 53.4 1.745 
4.410 2.304 1021.9 33.3B3 55.2 1.003 
4.500 2.404 IU7B.1 35.221 16.2 1.B37 
4.550 2.504 1133.3 37.023 51.2 I.B02 
4.600 2.604 1160.8 30.034 11.4 I.B1I 
4. CIO 2.704 1244.3 40.E4S 55.5 1.814 
4.700 2.804 1299.2 42.441 54.9 1.792 
4.710 2.904 1352.7 44.190 53.5 1.749 
4.6o0 3.004 MoE.2 41.337 53.5 1.747 
4. Bid 3.104 1419.1 47.670 53.3 1.742 
4.900 3.204 1510.5 49.345 M.O 1.667 
4.910 3.304 1560.C 50.980 50.1 1.635 
1.000 3.404 1609.4 52.574 46.0 1.594 
5.050 3.504 1ESB.4 54.110 47.0 1.536 
5.100 3.604 1702.4 55.615 46.0 1.104 
5.150 3.704 1747.3 57.0B2 44.9 1.467 




















6.150 •• 5.704 
6.200 5.804 
6.250 5.&04 











































































































































































































































APPENDIX 4A   (continued) 
CRUISE   MBI01A SAMPLE C2-4 
PHI PS1 HEIGHT      CUtvl I FKEOW FREUM I mi PS I tCICHT      CUnrl I FREOM FKOM X 
?-J8S     :i-SE 8-8       2-S22 8-8       2-SS2 3.2so       3.B07      1273.6     43.BTJ        25.1       O.BBO 2.550        -1.593 0.0 0.000 0.0 0.000 
.GOO -1.433 0.0        '0.000 0.0 0.000 
I cum





-1.393 0.0 0.000 
-1.293 0.0 0.000 
-1.133 0.0 0.000 
-1.093 0.0 0.000 
-0.993 0.0 0.000 
-0.B93 0.0 0.000 
-0.793 0.0 0.000 
-0.693 0.0 0.000 
-0.593 0.0 0.000 
-0.493 0.0 0.000 
-0.393 0.0 0.000 
-0.293 0.0 0.000 
-0.193 0.0 o.ooo 
-0.093 0.0 0.000 
0.007 0.0 0.000 
0.107 22.1 0.862 
O.Z07 4B.9 1.912 
0.307 76.1 2.874 
0.407 104. e 4.097 
0.507 134.6 3.261 
0.607 1E5.0 6.452 
0.707 195.5 7.646 
0.B07 227.1 B.879 
0.907 250.7 10.116 
1.007 291.7 11.406 
1.107 324.4 12.685 
1.207 357.B 13.9110 
1.307 391.6 15.311 
1.407 426.1 16.659 
1.307 462.3 18.076 
1.607 499.0 19.503 
urn im 2!:ffl 
1.907 612.4 23.944 
2.007 650.7 25.443 
2.107 EB9.2 26.946 
2.207 72B.0 28.463 
2.307 766.7 29.976 
2.407 B05.4 31.492 
2.507 S44.2 33.009 
2.C07 ' - 883.0 34.525 
2.707 921.1 3E.0I3 
2.807 359.3 37.507 
2.907 997.3 38.992 
3.007 1034.1 40.433 
3.107 1070.4 41.BS3 
3.207 1105.3 43.216 
3.307 1138.4 44.509 
3.407 1169.1 45.712 
3.507 1197.4 46.816 
3.607 1224.3 47.867 
3.707 1250.6 48.895 
5.300 3.907        1300.7        S0.B54 25.0 0.978 
3.330 4.007        1323.7        S1.B34 23.1 0.980 ?-5?8 -222 2-2 2-222 2-2 S-2S2 5.400 4.107 1350.3 52.795 24.6 O.KI H82 ~\'ill 8"8 . 0.0 0.000 s.450 <>207 1377,0 53.837 26.7 1.042 
?•»« -  -19 - . 0.0 0.000 5,500 4.30, M04.B 34.926 27.8 I.08B 
2.8vO . . . 0.0 0.000 5  550 4  407 1434  3 36 OBE 28.7 1   161 
i-88 "8-SK 2-2 2-222 8-8 8-888 l:ioo Jis" *»! 37:252 3:2 Itt M?8 "2-™2 8-8 8-888 8-8 8-888 5.650 '•"' '«5-B *»-m 31-5 i-2X S-™2 "H22 8-8 8-888 8-8 8-888 5.700 4.707 1525.3 39.676 30.3 1.194 2-828 "8-.12 8-8 8-888 8-8 8-888 5-750 4.B07 1554.7 BO.7BB 2B.4 1.112 
2-?22 "8-512 8-8 8-888 8-8 8-888 5.BOO 4.907 ISBI.9 6I.BSO 27.2 1.062 2-28 "8-112 8-8 8-888 88 8-888 S.BSO 3.007 IEOB.O 62.B69 ZB.O 1.01a 
2-128 "8-212 8-8 8-888 8-8 8-888 =-a» 3.107 1633.3 63.839 25.3 0.990 
2-S88 "8-?22 8-8 8-888 8-8 ?-888 s.aso 5-207 1657.6 64.BIO 24.3 0.951 2-^8 "8-i22 8-8 8-828 8-8 8-888 6.000 5.307 IESO.S 55.705 22.9 o.B94 2-2?2 "8-8?2 8-8 8-888 2-8 2-S28 e.oso 3.407 1701.3 66.526 21.0 0.B21 
n-2£°> ?-lo? •>?•? 8-ggS ,?•? 8-2°2 6.100 3.507 1722.2 67.33B 20.7 0.611 T.-J2S S-iS? ;£•£ ?-96S 2Z-i 9-SK E.ISO-- 5.607 1743.0 68.149 20. e o.gis 
2'J™ 8'S2? ?IP? i'li? ?f-? -8J8 6-200 iS.?07 PEG.7 69.076 23.7 6.92? 2-5S2 2-?8? ,nS-i f-nol IVl -?5? 6-250 5.BO7 1789.5 B9.3E7 22.B 0.8S0 2-E?>8 S-JS? JSJ-S J-SI? 5S-2 !'  IJ S.300 3.907 1BII.0 70.B08 21.5 0.841 
2-|?8 i'ul «-S 5-?Si S-S "It 6.330 6.007 1833.5 7I.6BB 22.3 O.BBO J.D3U .B 6 , E 3Z 30.3 1.191 c   inn c   m? IB'Sfi  •* 77  *ifl7 73 0 A  899 2-?88 2-28? iS5-? 2-i?g 3?.; I.IH |;}§8 g;18J !15f ;i &407 i?8 8:ESi 
3.750 8 . 31.3 1.233 g.500 6.307 IB9B.0 74.209 20.5 0.802 
3.800 9 8 31.6 1.237 5550 | 407 820 2 75 075 22 2 0 867 
2-2.18 !-?8? SSH !»-2gf 22-2 >-?»2 «o e 507 s« o TSISGI M B U: 3'??8 -^7 2?7-J MIS 3v? -^2 6-650 6.607 1965.5 76.B48 22.7 0.B87 2-?5g j-t9? «.g J. 90 33.3 .304 6-700 E,707 ,3(55,5 77,63Z 20.0 0.764 4.000 SI        33.0 1.323 
4.030 3 34.5 1.349 E.730 6.807        2005.5        78.414 20.0 0.782 U U . U/ 1.0.J 11. bDll J S I. MS Z   inn C   On? wi   , iq   7lri in  | n   7M i   inn I   *n7 JE-*  *J If)  roe If:   ? 1   11? b.UOO D.907 2023.9 79.210 *0.4 O./Ub 
4    50 '607 Jyg'o H5on 3f7 '431 6.850 7.007 2050.0 80.152 24.1 0.942 
4-ioo '707 536-3 Jo'si? 37-3 '«B 6.900 7.107 2073.5 BI.147 23.5 0.995 foft :SJ 95:2 5?:fS? 3?:1 :8? «.»o 7.207 2097.9 R.O» 22.5 o.ya 
4.300 . . . 3B.4 1.500 7.000 7.307 2 20.6 B2.913 22.7 0.887 
4.330 . . 25.443 38.3 1.499 7.050 7.407 2 46.B 83.93 26.0 .018 
4.400 . . . 38.5 1.503 '• 0°, 7M7 \ 97-K ss'q?i 754 o'222 
4.450 8 . 3U.B 1.517 2•A5S Z-I2Z fif'-f "•?« |5.4 0.993 
4.500 38.7 1.513 ^?J° $•}$ |jg'7 ff *|i? g'g °-|g| 
4'EOO 2*507 844-2 ai'tjoi ifl-B !'ii7 7.'300 7:907 2277^ 89:048 ZB^ KI27 ■■4:gS- -I:BO»- -SM:! ":S ■ ■ S:S ■ - i-:i» '■»« »•«" "8H »-i?? g-i o-SS 4.700 . . 6. 1 38.1 1.4B8 7.400 B.I07 2329.3 91.071 24.6 0.B62 
4.730 B 8 . . 38.2 1.494 7,45° B,2°' 2356.0 92.117 2B.B 1.046 
4.800 8        38.0 1.403 7.500    .     8.307        2379.7        93.041 23.6 0.924 4BS5 3007 IMi. loi™ nr'S •!!? 7550 8 407 24 OB 94 232 51 0 12 J"E2 2'?2; 221-i 1?-J22 2M '-ili 7.600 B.507 2433.9 95.241 25.3 O.SOD 4.900 . . 85 36.3 1.420 7.630 8.607 2458.9 96.141 23.0 0.9O0 
4.950 . 34,9 1.363 7.700 8.707 2479.3 36.936 20.3 0.795 
5.000 3 33.1 1.293 7l7so 8.607 2500.3 37.782 21.6 0.846 
5.030 . 3 30.8 1.203 7.800 8.907 2522.5 98.625 21.6 0.843 
3.100 28.2 1.104 7.830 9.007 2538.1 99.236 15.6 0.EI1 
3.150 26.9 l.OSI 7.900 9.107 2553.B 99.841 13.3 0.605 
5.200 26.3 I.02B 7.950 9.207 2337.G 100.000 4.1 0.139 
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CRUISE TT162 5AAPLE C3-4 
HEIGHT      CUW1 1 FfiEOU FREOW X PHI PSI HEIGHT      CUT X FHEQH FREOW X 
0.0 0.000 0.0 0.000 5.250 3.B40        1239.1        50.638 32.B 1.341 on o noo            oo oooo s.au J.CHU IZJS.I au.bjo 
oo ' o'ooo            oo oooo S-300 3-940 >272-3 3"°°3 33-3 '•367 
no oooo             oo oooo 5.350 4.040 1305.0 53.331 32.4 1.325 
n'n 2'noS             nn 2'JKs 3-400 4-140 l337'4 34-633 32-4 '-324 S'2 2*5x2              2*2 S'JSS 3-43<> 4.24° 13G9.1 55.954 31.8 1.299 
S'S o'm            o*o o'ooo 5-so° 4-34° H01-' "-261 32-° l-307 
o'o o'ooo            an o'ooo 3-35° 4-440 ,432-B 3B-34a 31'3 '-2BB 
o'o o'ooo            o'o O'OM S-600 4-340 l4G4-2 3a-B3B 3'-3 '•2B9 
00 o'ooo             ' o'ooo 3-B3° 4-640 1493-B B1-123 3I-4 '•2M 
o'o o'ooo           00 o'ooo 3-700 4-740 l327-4 E2-422 31-B l'MS 
00 o'ooo           o'o o'ooo 3-730 4-B4° >339-3 E3-724 3'-9 '-M2 ■ OOOO           00 o'ooo 3-fl0° 4-94° l39«-2 E4-SB7 x-a '•2BZ 
00 o'ooo            00 o'ooo 3-B5° 3-040 1B2<-3 E6-25a 31-' '-273 
o'S S'SSS            O'O O'OM '-900 5-'4° 'B3'-3 £7-492 M-2 ''233 
00 o'ooo           00 o'ooo 3-930 3-240 lBB1-B E8-72B M-2 l-233 
DO BM                  00 OMO B-M0 S-340 ,712-2 £9.973 X-3 I'247 
7* S'OM           ?t o'olg B-030 3-440 ,742-7 71-220 x-* >-247 720 OBHB ife'J o'?qq 6.100   .       3.340 1772.9 72.453 30.2 1.234 
JT? ?'TG! ??'" S'BM 6.130 5.640 1B03.0 73.6B6 30.2 1.233 
sc'p ?li5 Ik'i n'«?fl B-2W) 3-740 >B32-B 74.902 29.B 1.216 Sin \i,l I;   I n'SS? B-230 3-B4° 'B62'3 7B'I0B 29'3 '•20B iTc'S 2'?i? ?J"i ?•?* E.3O0 3-940 'a92-' 77.326 29.B I.21B i§-3 J'Z?; SH •£?? B-3M E.040 '922-° 7B-34B 29-9 '-222 
!22-2 l,S?5 i7/? !' 2Z E.4S0 E-24° 1990.3 BO.939 29.1 I.IBB 
i99-3 9-'44 29-' -'a? 6.500 6.340 20OB.7 82.090 2B.2 1.131 
II?'n iA'2Ii 3?'? }#l« B-33° B-44lJ 203B-> B3-2" 27'4 1<l2° Ssio vS6,7. i\'l !,2,36 B-E00 B-340 2061.4 B4.246 25.3 1.036 5K-! HZ2 3J-? -3?5 B-B3° B-64<> 20BB-2 B5-237 24-7 '•°n 3;n'i ?•£?§ 3?-i !*32§ B-7°° B'74" 2>09-4 K-209 23-3 0-332 
nSf'l iinil iio nJ, 6.750 6.B40 2131.0 B7.0BB 21.3 0.879 
i?r  i ITITT I'S inSr 6.800 6.940 2151.3 97.919 20.3 0.831 
1BOO l    M                 ■ -2SB 6.850 7.040 2170.7 BB.714 19.4 0.793 ]?!•! in'?nfi 14? i  iiia E-900 7'140 21BB.B B9.453 18.1 0.740 
3'9'fi 2l'B6I al'I "395 E-S50 7.240 2205.8 90.147 17.0 0.694 
5633 23*cra 349 1476 7-<">!> 7.340 2222.1 90.BI3 16.3 0.666 
599  I 74 IB? n't ,'m 7-°30 7'44<> 2237-B 9'-43B '3-B O-644 E344 259->7 351 1444 7.IM 7-34" 2253.2 92.085 15.4 0.629 
E70  i 27M5 »7 liJJ 7.150 7.640 226B.4 92.704 IS. I 0.61B 
70G3 2BBG4 3£'' I   4BO 7-200 7-740 22B3-7 S3.^23 13.3 0.625 
74^'B 30 3S7 3E"5 ' B 7-23° 7-B4° 22".3 93.966 15.6 0.637 
7792 31B44 364 lias 7'300 7-a4° 2314.7 94,399 13.3 0.633 
BI33 3331B 36  I 'J??' 7-330 a-°40 233'-0 93-2B3 'B-2 O-664 B520 34BIB if) i JS 7.400 8.140 2345.0 93.835 14.0 0.573 
BflB? TSl S V7 '?ni 7-430 8-240 233B-2 M-376 ,3-2 D'340 
tpSn T?'P c w'i 'iil 7-300 B-340 237'-' SE'903 '2-9 O'327 
«T'r nqlin «'i !  iSl 7-330 B-44» 2383.9 97.425 12.B 0.322 
MiS I^'??2 S'S '2?J 7.600 B.340 2395.5 97.B99 11.6 0.475 
,?xl-5. JS'?SS 3M {'JS 7-B3° B-B4I> 240B-7 "•359 l'-2 °-4M 
S?S'A J?*i?2 3J'? ,i?2 7-700 B-740 24'E.3 96.738              8.8 0.399 
°S5-2 i2,6J5 2?-5 1,4J5 7-73<> B-B4fl 2423-4 sa.ua B.B O.SSI 1103.6 43.104 35.6 1.436 7.600 6.940 2433.3 99.446 B.O 0.326 
1138.2 46.513 34.3 1.412 7.850 9.040 2440.4 99.734             7.1 0.289 
1172.4 47.916 34.3 1.400 7.900 3.140 2446.9 100.000 6.5 0.26B 
1206.3 49.297 33.6 1.302 7.950 9.240 2446.9 100.000 0.0 0.000 
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CHUI5E M820IA SAMPLE C4-4 
PHI PS1 WEILHT CUVI X FREUM fKOU J PHI PSI HEIGHT CUM I FKOU FKOU X 
2.500 -1.727 0.0 0.000 0.0 0.000 5.250 3.773 1180.7 53.984 24.1 1.102 2.550 -1.627 0.0 . 0.000 0.0 0.000 5,300 3.873 1204.0 55.050 23.3 1.065 
2.600 -1.527 0.0 0.000 0.0 0.000 5.350 3.973 1225.1 56.015 21.1 0.966 
2.650 -1.427 0.0 0.000 0.0 0.000 5.400 4.073 1244.9 56.919 19.B 0.904 
2.700 -1.327 0.0 0.000 0.0 0.000 5.450 4.173 I2E5.2 57.849 20.3 0.930 
2.750 -1.227 0.0 0.000 0.0 0.000 5.500 4.273 1283.9 5B.703 10.7 0.854 
2.800 -1.127 0.0 0.000 0.0 0.000 5.550 4.373 1303.8 59.604 19.7 0.902 
2.650 -1.027 0.0 0.000 0.0 0.000 S.EOO 4.473 1323.0 80.490 19.4 0.BB3 
2.900 -0.927 0.0 0.000 0.0 0.000 5.650 4.573 1341.6 61.341 IB.6 0.851 
2.950 -O.B27 0.0 0.000 0.0 0.000 5.700 4.673 1360.3 62.196 18.7 0.B3S 
3.000 -0.727 0.0 0.000 0.0 0.000 5.750 4.773 1378.6 63.036 IB.4 0.840 
3.050 -0.C27 0.0 0.000 0.0 0.000 5.800 4.873 1396.9 63.871 IB.3 0.836 
3.100 -0.527 0.0 0.000 0.0 0.000 5.B50 4.973 1414.7 64.EBS 17.8 0.B14 
3.150 -0.427 0.0 0.000 0.0 0.000 5.900 5.073 1432.0 65.474 17.2 0.709 
3.200 -0.327 0.0 0.000 0.0 0.000 5.950 5.173 1450.9 E6.339 18.9 0.B65 
3.250 -0.227 0.0 0.000 0.0 0.000 G.000 5.273 1469.5 67.192 18.7 0.BS3 
3.300 -0.127 7.6 0.346 7.6 0.346 6.050 5.373 1487.3 68.003 17.7 0.811 
3.350 -0.027 27.3 1.247 19.7 0.901 6.100 5.473 1506.2 EB.B6B 18.9 0.B6S 
3.400 0.073 50.9 2.32E 23.6 1.079 6.150' 5.573 1524.5 69.705 18.3 0.B3B 
3.450 0.173 7E.B 3.511 25.9 1.184 6.700 5.673 1540.B 70.451 IE.3 0.745 
3.500 0.273 104.9 4.737 28.1 1.287 6.250 5.773 1559.0 7I.2B2 IB.2 0.831 
3.550 0.373 134.5 6.150 29.E 1.353 G.30C 5.673 1578.3 72.163 19.3 0.881 
3.600 0.473 1EC.2 7.599 31.7 1.449 6.350 5.973 1596.4 72.932 18.1 O.B29 
3.650 0.573 196.4 9.072 32.2 1.473 6.400 6.073 1613.7 73.7BS 17.3 0.793 
3.700 0.E73 232.9 10.647 34.4 1.S75 6.450 £.173 1630.4 74.545 16.6 0.7EO 
3.750 0.773 267.7 12.242 34.9 1.595 6.500 6.273 IE4E.I 75.2E6 15.0 0.721 





















































3.B50 . 15.479 36.0 I.E47 6.GOO 6.473 1679.7 76.B02 16.4 0.749 
3.9u0 17.160 3E.B I.601 6.E50 6.573 1E94.S 77.479 14.B 0.E7E 
3.950 .E IB.667 37.3 1.707 B.VuO C.E73 1707.E 78.076 13.1 0.597 
4.000 B 20.504 35.H 1.B37 6.750 6.773 1723.6 7B.BOB 16.0 0.732 
4.050 22.119 35.3 1.615 6.BOO 6.873 1741.4 73.621 17.B 0.813 
4.100 . 23.713 34.9 1.594 6.850 £.973 1756.3 BO.301 14.9 O.EBO 
4.150 25.335 35.5 1.622 6.900 7.073 1773.8 81.102 17.5 0.801 
4.200 508. 26.897 34.2 1.562 6.950 7.173 1791.3 01.905 17.E 0.B03 
4.250 20.456 34.1 1.553 7.00O 7.273 1B1I.0 02.804 19.7 0.099 
4.300 .0 30.OU4 33.9 I.54U 7.050 7.373 1630.1 B3.B7B 19.1 0.874 4.350 31.501 34.5 .577 7il00 7.473 |051i4 B4.ES2 ri-3 0.974 
M22 V?8 &-J S'MI 3ii \'lti '.ISO 7.573 IB72.4 BS.6I0 20.S 0.950 
i'Jrf hlli l?%'l ?,§•??? 3H •}« 7.?50 7.773 1915.2 B7.570 23.2 1.063 4.550  0 37.410 29.E .356 7,300 7.673 1337.9 88.607 22.7 1.037 
4
-S?2 hill HM ?B/?i; ?£•? ISl 7.3S0 7.973 1960.4 B9.B34 22.5 1.027 
^.fbO 0 .B 40.172 29.1 .330 7400 „.„;, |g(JOtB 90.5,57 20.4 0.934 
l-l°t H23 £55-2 «'•<" |?-3 Hfi 7.450 B.I 73 2003.7 9I.EI5 22.9 1.047 4.750 42.719 77.5 TVttS 7.500 8.273 2027.2 92.BB7 23.5 1.073 
4.800 43.965 27.2 1.246 7.550 6.373 2048.7 B3.670 21.5 0.983 
4.850 45.IBS 26.0 1.224 7.600 8.473 2071.6 94.717 22.9 1.047 
4.900 4E.33E 25.1 1.147 7.E50 8.573 2092.6 95.601 21.1 0.964 
4.950 47.457 24.5 1.121 7.700 B.B73 2114.I 9E.EE1 21.4 0.900 
5.000 . IOE . 40.5B8 24.7 1.131 7.750 B.773 2134.0 97.574 20.0 0.913 
5.050 . 49.743 25.3 1.155 7.900 8.073 2154.0 90.405 19.9 0.911 
5.100 . . 50.047 24.1 1.104 7.850 0.973 2172.1 99.314 18.1 0.828 
5.150 . . 51.887 22.7 1.040 7.900 9.073 2187.1 100.000 15.0 0.686 
3.200 .6 52.BB2 21.B 0.995              '    7.950 B.I73 Z1B7.I 100.000 0.0 0.000 
W I



























,1  7.473 105 .4 
7.150 .  16 .  
7.200 7.673 1092.0 
2 3.  
7.300 .  9 .  
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.4  B.073 I9B0.  
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APPENDIX 4A (continued) 
CRUISE UBOIOA BflflPLE Cl-S 
PHI PSI HEIGHT CUM« 1 FHEOW FREOri 1 PHI PGI HEIGHT CUtW 1 FREOW FREOW I 
2-SOO -I.MB 0.0 0.000 0.0 0.000 5,250 3.872 1476.1 43.966 52.B I.7B6 
Z-S50 -  ,526 0.0 , 0.000 0.0 0.000 5.300 3.372 1527.5 51.70B 51.3 1.738 
2.600 -I.42B 0.0 0.000 0.0 0.000 5.350 4.072 I57B.9 53.444 51.4 1.739 
2.E50 -1.326 0.0 0.000 0.0 0.000 5.400 4.172 IG28.B 55.130 4S.B 1,686 
2.700 -I.22B 0.0 0.000 0.0 0,000 5.450 4.272 1677.2 56.772 4B.5 1.642 
2.750 -I.12B 0.0 0.000 0.0 0.000 5.50O 4.372 1724.9 50.38B 47.B 1.616 
2.BOO -1.028 0.0 0.000 0.0 0.000 5.550 .   4.472 1770.6 59.334 45.7 1,545 
2.B50 -0.92B 0.0 0.000 0.0 0.000 5.600 4.572 IBM.4 61.417 43.B I.4B3 
M!?2 "2,Bi§ 2"2 O-gOO 0.0 0.000 5.650 4.672 1BS6.6 62.B46 42.2 1.429 
?,-£2 '%•%% 2-2 2-222 2-° "•00° 5.700 <•'« >897.B 64.232 41.0 1.31* 
2-22? "2-125 2-2 °-2°2 °-° 0,00° 5.750 4.B72 1937.2 65.574 39.6 1.342 
3.050 -0.520 0.0 0.000 0.0 0,000 5.BOO 4.972 1975.2 66.861 3B.0 1.287 
3.100 -0.42B 0.0 0.000 0.0 0.000 5.850 5.072 2012.7 68.132 37.5 1.270 
2-I5S ~S*35i 2-2 2*222 2-2 °-°22 5.900 5.172 z°«-9 59.355 36.1 1.223 
2-122 ~2-228, 2-2 2-2?2 2-2 2-222 s-aso 5.272 20B3.9 70.541 35.0 1.1B6 
n-SS "2-/,?« 2-2 2-222 2-2 2-222 6.000 5.372 211B.3 71.703 34.4 LIES 
I'TSA "S'n?? ,2-8 2-?t? .2-5 2-2SS 6.050 5.472 215:.6 72.B64 34.3 I.IEI 3-2m         n'nl \l'l ?iin B"J 2-|§O 6.100 5.572 2105.5 73.9B1 33.0 1.117 3.400           O.l/Z 3b.6 1.240 IB.6 0.629 c  ,«/v « r,T> 7?tn  1 7* on? 12 5 1   101 
3.450         0.272 54.9 1.B60 IB.3 0.G20 £2$ |-^ gJiiJ %\"$, 33 3 | 2S 
2-^2     S-J?; ,?Z-2 ?-??5 ?!•? 2-?,J2 6-3<» 5.372 2313.2 76.302 30.5 i.osi 3.600          0.572 119.4 4.042 22.4 0.757 6.350 6.072 2343.9 79.342 30.7 1.040 
3.650          0.E72 143.1 4.B44 23.7 0.B01 6.400 6.172 2374.3 80.370 30.3 1.027 
3.7U0          0.772 167.7 5.677 24.6 0.B33 6.450 6.272 2404.2 81.383 29.9 1.014 
3.750           0.872 192.9 6.531 25.2 0.B54 6.500 6.372 2433.6 62.378 29.4 0.995 
3.800          0.972 220.3 7.456 27.3 0.925 E.5S0 6.472 2462.1 B3.342 28.5 0.9E3 
3.BS0          1.072 24B.3 8.405 2B.0 0.949 6.600 6.572 24BS.6 B4.273 27.5 0.931 
3.900          1.172 277.4 9.391 29.1 0.9BG 6.650 6.672 25IB.E 85.187 27.0 0.914 
3.950          1.272 308,5 10.444 31.1 1.053 6.700 6.772 2542.6 B6.O6B 26.0 0.B8I 
4.000          1.372 339.6 11.495 31.0 1.051 6.750 6.872 25G7.3 86.902 24.E 0.834 
4.050         1.472 372.0 12.594 32.5 1.099 6.BOO 6.972 2590.3 B7.6B0 23.0 0.779 
4.100         1.572 405,4 13.722 33.3 1.I2B 6.B50 7,072 2612.4 BB.431 22.2 0.751 
i-.m    \:W \M \kffl M l:\ll g-gg |-i?| 5g?:, gg-& ?g:S 8:IS i-528    !•?£ 3>S-S ll-lll 2G-7 !-?S? '««> »5» ™kl "Si 5.1 os« J-3J0          1.972 548.4 B.5E5 37.9            .282 7.050 7.„2 2CB5.3 90.096 16.4 0.555 4.350 2.072 SBB.l 19.907 3S.B 1.342 7 <M 7 N7J 2701.E 91.450 IE.3 0.553 
J-Jft Hll Si?'? sHiJ \\'\ VPS. ?    *> 7G72 2717I1 9    974 Sis 0 32S i-«nn ?•???■ S7S-A ?J'?i? Jn'2            'J2S 7-200 7-772 2732'B S2-504 ,5'B °-323 Mso I'Vr TKO'S «*74? 44-5             -50R 7-"0 7.B72 274B. I 93.024 15.4 0.320 
4R00- Is?? BM • l\ ?\l W'l Vltl 7-3°° '•"72 2764.2 93.567 16.0 0.543 
Jssn ?e» nw'f «'S?? J?'o f-?J? 7-35« B.072 27BI.6 34.157 17.4 0.330 4.650 2.B72 B34.I 28.911 47.9 1.62! 7 400 o |72 2736.2 94.653 14.E 0.495 
4.700 2.772 902.3 30.543 48.2 1.C32 7 «o B 272 2813 0 95 220 GB 0 567 
4.750 2.872 951.8 32.217 49.5 1.674 7 500 8 372 2829 7 95 705 67 0 565 
4.BOO 2.972 1002.2 33.924 30.4 1.707 7.550 8.472 284619 96.3G7 17.2 6.582 
4.850 3.072 1053.1 35.E47 50.3 1.723 7.600 8.572 20G4.3 9E.9S5 17.4 O.SBB 
4.300 3.172 1104.9 37.401 51.8 1.754 7.650 8.672 2BD1.7 97.547 17.3 0.592 
4.950 3.272 1157.1 39.169 52.2 t.760 7.700 8.772 2B97.B 98.090 16.1 0.544 
5.000 3.372 1209.5 40.940 52.3 1.771 7.750 B.B72 2912.7 88.593 14.9 0.503 
5.050 3.472 12G3.5 42.769 34.0 1.829 7.BOO B.972 2927.7 39.103 IS.l 0.309 
3.100 3.372 I3IG.G 44.566 53.1 1.797 7.850 9.072 2941.B 99.578 14.1 0.47B 
5.150 3.672 1370.5 46.391 53.9 1.025 7.900 3.172 2934.2 100.000 12.5 0.422 
3.200 3.772 1423.4 46.182 52.9 1.791 7.950 9.272 2954.2 100.000 0.0 0.000 
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CRUISE HBIOIA SAMPLE C2-S 
PHI PSI                kClGHI CUm :           FBEUU FREOU I 
2.500 -1.628 0.0 0.000 0.0 0.000 
2.350 -I.328 0.0 , 0.000 0.0 0.000 
2. BOO -1.428 0.0 0.000 0.0 0.000 
2.650 -1.328 0.0 0.000 0.0 0.000 
2.700 -1.220 0.0 0.000 0.0 0.000 
2.750 -1.128 0.0 0.000 0.0 0.000 
2.BOO -1.02B 0.0 0.000 0.0 0.000 
2.B50 -0.92B 0.0 0.000 0.0 0.000 
2.300 -0.B2B 0.0 0.000 0.0 0.000 
2.950 -0.72B 0.0 0.000 0.0 0.000 
3.000 -0.G2B 0.0 0.000 0.0 0.000 
3.050 -0.520 0.0 0.000 0.0 0.000 
3.100 -0.428 0.0 0.000 0.0 0.000 
3.130 -0.32B 0.0 0.000 0.0 0.000 
3.200 -0.22B 0.0 0.000 0.0 0.000 
3.250 -0.12B 0.0 0.000 0.0 0.000 
3.300 -0.02B 0.0 0.000 0.0 0.000 
3.350 0.072 0.0 0.000  • 0.0 0.000 
3.400 0.172 0.0 0.000 0.0 0.000 
3.450 0.272 0.0 0.000 0.0 0.000 
3.500 0.372 0.0 0.000 0.0 0.000 
3.950 0.472 0.0 0.000 0.0 0.000 
3.600 0.572 0.0 0.000 0.0 0.000 
3.G50 O.E72 0.0 0.000 0.0 0.000 
3.700 0.772 0.4 0.012 0.4 0.012 
3.750 0.67? IB.7 0.561 IE.4 0.549 
3.BOO 0.972 35.9 1.203 19.1 0.E41 
3.B50 1.072 54.3 I.B2S 1B.G 0.E23 
3.900 1.172 75.0 2.513 20.5 O.GBB 
3.950 1.272 95.7 3.209 20.B 0.69E 
4.000 1.372 116.6 3.910 20.9 0.701 
4.050 1.472 I3'J.B 4.EB7 23.2 0.777 
4.100 1.572 IG5.0 5.533 25.2 0.B4B 
1:$ \'M !??:§ WS s?:5 ?:S3 
4.250 I.B72 257.B B.B4I 33.5 1.122 
4.300 1.972 291.B 9.781 34.0 1.140 
4.330 2.072 327.2 10.969 35.4 1.IBB 
4.400 2.172 3E3.G 12.109 3E.4 1.220 
4.450 2.272 404.2 13.549 40. E I.3G1 
4.500 2.372 445.2 14.926 41.1 1.377 
4.530 2.472 4D6.2 16.299 41.0 1.373 
4.600 2.372 32B.B 17.728 - 42.B     • T.429 
4.650 2.E72 571.7 15.166 42.9 1.437 
4.700 2.772 615.3 20.627 43.6 I.4E1 
4.750 2.872 ECO.I 22.130 44.B 1.503 
4.600 2.972 705.8 23.BE4 45.7 1.333 
4.830 3.072 755.3 25.322 49.5 I.6S9 
4.9O0 3.172 805.9 27.020 50.E 1.697 
4.950 3.272 855.7 2B.6B7 49.7 I.CE7 
3.000 3.372 906.I 30.377 30.4 1,690 
3.030 3.472 934.7 32.007 4G.E 1.E30 
3.100 3.372 1004.3 33.E70 49.6 1.662 
3.130 3.672 1035.0 35.371 50,7 1.701 















































8 8  
 




PHI PSI HEIGHT cum X FREQH FDC.OU X 
3.250 3.872 1153.9 36.603 48.2 1.615 
5.300 3.972 1200.7 40.255 46.9 1.572 
3.350 4.072 1243.0 41.740 44.3 1.483 
5.400 4.172 12B7.4 43.160 42.4 1.420 
3.450 4.272 1320.3 44.53) 40.9 1.371 
5.300 4.372 1370.0 45.930 41.7 1.399 
3.550 '  4.472 1412.E 47.35B 42.6 1.428 
5.600 4.372 1453.6 4B.734 41.0 I.37E 
5.650 4.672 1494.7 50.110 41.0 1.37E 
m 4.772 4.872 li??:8 121691 B:3 m 
3.800 4.972 1610.3 33.993 38.7 1.296 
5.B30 5.072 IES2.B 33.411 42.3 1.4IB 
3.900 3.172 1696.9 36.890 44.1 1.479 
3.950 3.272 1741.5 3B.383 44.3 1.493 
6.000 3.372 1785.5 59.661 44.1 1.478 
6.050 3.472 1030.7 6I.37E 45.2 1.316 
6.100 5.372 1073.E E2.B00 44.9 1.304 
6.130' 3.672 1921.2 64.410 43.6 1.330 
6.200 3.772 1968.3 65.989 47.1 1.579 
E.250 3.872 2014.E E7.542 46.3 1.533 
6.300 5.972 2060.5 E9.07B 43.8 1.536 
6.350 E.072 2I0G.E 70.626 46.2 1.348 
6.400 E.172 2133.3 72.192 46.7 1.366 
E.430 E.272 2I9B.3 73.699 43.0 1.308 
6.300 6.372 2243.1 73.200 44.8 1.301 
E.S50 6.472 2287.9 76.703 44. B 1.502 
6.600 6.572 2331.3 7B.I3B 43.4 1.435 
E.E50 6.672 2372.2 79.52B 40.9 1.370 
6.700 B.772 2410.7 80.B20 36.5 1.291 
6.730 E.B72 2448.3 B2.087 37.B 1.267 
6.Bi50 6.972 2484.9 83.306 36.4 1.218 
6.050 7.072 2321.0 04.319 36.2 1.212 
6.900 7.172 2553.1 B5.EG2 34.1 1.144 
G.930 7.272 25B5.0 BE.662 29.8 1.000 
7.000 7.372 2610.7 B7.324 25.7 0.BE2 
7.050 7.472 2635.4 06.353 24.7 0.829 
7.100 7.572 2EE2.5 85.262 27.1 0.909 
7.130 7.E72 2EB5.7 90.039 23.2 0.777 
7.200 7.772 2710.2 90.B62 24.5 0.B23 
7.250 7.872 2732.2 SI.S9G 21.9 0.735 
7.300 7.972 2752.8 92.287 20.6 0.E9I 
7.350 8.072 2772.0 92.931 19.2 0.E44 
7.400 8.172 2790.3 93.344 18.3 0.613 
7.430 B.272 2B0B.I 94.142 17. B 0.398 
fcB8 m m$ n-.m m 8;5?8 
7.600 8.572 2B73.3 96.329 22.7 0.738 
7.650 B.E72 2893.2 96.996 19.9 0.667 
7.700 0.772 2909.9 97.553 IE.7 0.358 
7.750 B.B72 2928.4 98.175 IB.3 0.620 
7.800 B.972 2947.1 98.802 IB.7 0.E27 
7.850 9.072 2665.0 99.403 17.9 0.601 
7.900 8.172 2982.8 100.000 17.B 0.397 
7.B30 8.272 2982.B 100.000 0.0 0.000 
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PHI PSI HEIGHT 
2.500 -1.596 0.0 
2.550 -1.496 0.0 
2.BOO -1.396 0.0 
2.650 -1.296 0.0 
2.700 -1.I9C 0.0 
2.730 -I.ODG 0.0 
2.800 -0.996 0.0 
2.B50 -0.696 0.0 
2.900 -0.796 0.0 
2.950 -0.696 0.0 
3.000 -0.396 0.0 
3.050 -0.496 0.0 
3.160 -0.39b 0.0 
3.150 -0.296 0.0 
D.:OO -0.196 0.0 
3.250 -0.096 0.0 
3.3G'l 0.004 0.0 
3.35U 0.104 0.0 
3.400 0.204 0.0 
3.450 0.304 0.0 
3.500 0.404 7.3 
3.550 0.504 20.1 
3.600 0.604 34.6 
3.650 0.704 49.3 
3.700 0.004 64.0 
3.750 0.904 79.2 
3. BOO 1.004 93.1 
3.B50 1.104 112.7 
3.900 1.204 130.3 
3.950 1.304 150. B 
4.000 1.404 174.6 
4.050 1.504 201.6 
4.100 1.604 229.7 
t-.m um iM 
4.250 1.904 327.1 
4.300 2.004 366.7 
4.350 2.104 409.7 
4.400 2.204 454.9 
4.450 2.304 502.7 
4.500 2.404 333.1 
4.550 2.504 605.7 
4.600 2; 604 633.6 
4.650 2.704 717.0 
4.700 2.604 7B0.7 
4.750 2.904 B43.0 
4.600 3.004 904.2 
4.050 3.104 967.1 
4.900 3.204 I02B.9 
4.950 3.304 1091.B 
5.000 3,404 1153.9 
3.050 3.304 1216.4 
5.100 3.604 1276.0 
5.150 3.704 1335.2 
5.200 3.B04 1393.4 
CRUISE TT1E2 SAMPLE C3-3 
CUHfl 2 FREOW FREOH X 
0.000 0.0 0.000 
.0.000 0.0 0.000 
0.000 0.0 O.OUO 
0.000 0.0 0.000 
0.000 0.0 0.000 
0.000 0.0 0.000 
0.000 0.0 0.000 
0.000 0.0 0.000 
0.000 0.0 0.000 
0.000 0.0 0.000 
0.000 0.0 0.004 
0.000 0.0 0.000 
0.000 0.0 0.000 
0.000 0.0 0.000 
o.ooo o.o o.ooo 
0.000 0.0 0.000 
0.000 0.0 0.000 
0.000 0.0 0.000 
0.000 0.0 0.000 
0.000 0.0 0.000 
0.233 7.3 0.233 
0.643 12.a 0.410 
1.109 14.3 0.4E6 
l.SBS 14.9 0.476 
2.049 14.5 0.464 
2.530 13.3 0.409 
3.043 15.B 0.507 
3.609 17.6 0.564 
4.173 17.6 0.564 
4.B2B 20.5 0.656 
5.392 23.9 0.7B4 
6.453 2E.9 0.063 
7.355 2B.I 0.900 
S:^ 33:? ?:SSI 
10.475 34.9 1.117 
11.745 39.6 1.269 
13.122 43.0 1.377 
14.567 45.1 1.445 
16.099 47.B 1.531 
17.712 50.4 1.614 
19.399 52.7 I.687 
21.124 " 33.B  - 1.724 
22.963 37.4 1.839 
25.003 63.7 2.041 
26.997 62.3 1.994 
2B.957 61.2 1.960 
30.971 62.9 2.013 
32.952 61.9 1.901 
34.365 62.9 2.014 
37.020 64.1 2.054 
36.954 60.4 1.935 
40.B64 39.6 1.909 
42.739 59.2 I.B95 
44.E2E 36.3 1.B67 
PHI PSI HEIGHT CUT X FREOU FREQM X 
5.250 3.904 me.3 46.303 34.9 1.737 
3.300 4.004 1500.9 4B.OG7 32.6 1.6B4 
3.350 4.104 1554.0 49.769 33.2 1.702 
5.400 4.204 1607.3 31.403 33.3 1.713 
5.450 4.304 1E57.3 33.076 49.7 1.393 
5.300 4.404 1705.B 54.629 4B.S 1.333 
3.550 4.304 1755.0 56.203 4B.2 1.377 
3.600 4.604 IB02.5 37.727 47.3 1.521 
3.630 4.704 1B51.4 39.292 4B.9 1.3E3 
5.700 4.004 1900.4 60.061 49.0 1.369 
3.750 4.904 1946.6 62.340 46.2 1.4B0 
3.600 3.004 1993.4 63.039 46. B 1.499 
5.BS0 3.104 2042.4 65.410 49.1 1.571 
5.900 5.204 20B7.7 6E.B61 43.3 1.431 
3.950 5.304 2132.1 6B.2B3 44.4 1.423 
6.000 3.404 2177.B E9.74E 43.7 1.463 
6.030 5.504 2222.0 71.161 44.2 1.413 
E.IOO 5,604 2264.B 72.331 42.8 1.370 
6.130' 5.704 2304.1 73.792 39.4 1.2B0 
6.200 5.604 2342.3 73.014 3B.2 1.222 
6.250 5.904 2379.E 76.207 37.3 1.1B3 
6.300 6.004 2414.4 77.322 34.a 1.114 
6.350 E.104 2449.0 7B.432 34.7 1.111 
E.400 6.204 24B0.1 79.426 31.0 0.893 
6.430 6.304 2311.1 BO.410 31.0 0.993 
6.500 6.404 2346.3 81.347 33.3 1.129 
6.550 6.504 2576.6 02.317 30.3 0.969 
6.600 6.604 2603.6 03.303 27.0 0.BE6 
6.650 6.704 2630.7 B4.249 27.1 0.B67 
6.700 6.004 26SB.4 03.137 27.7 o.eaa 
£.750 6.904 2603.B 83.930 25.4 0.813 
6.BU0 7.004 2700.B 06.731 25.0 0.B01 
6.050 7.104 2733.7 87.347 24.9 0.796 
6.900 7.204 2737.6 BU.3I5 24.0 0.768 
6.950 7.304 27B0.7 09.053 23.0 0.73B 
7.000 7.404 2003.3 09.779 22.7 0.726 
7.050 7.504 2023.9 90.430 20.6 0.E59 
7.100 7.604 2043.2 91.054 IS.2 0.E1E 
7.150 7.704 2064.1 91.723 20.9 0.669 
7.200 7.604 2007.9 92.407 23.9 0.764 
7.250 7.904 2907.9 93.120 20.0 0.640 
7.300 0.004 2927.9 93.760 20.0 0.641 
7.330 6.104 294B.B 94.430 20.9 0.BE9 
7.400 B.204 2967.0 95.021 IB.2 0.5B3 
7.450 8.304 2983.3 93.607 IB.3 0.5BE 
7.500 
7.550 1:?§4 3003.0 3020.4 96.173 96.732 17.7 17.4 8:35i 
7.600 8.604 3036.3 97.240 13.9 0.309 
7.650 B.704 3050.4 97.E90 14.0 0.430 
7.700 B.0O4 3064.0 98.123 13. E 0.435 
7.730 B.904 3075.6 96.496 11.6 0.371 
7. BOO 3.004 3065.7 9B.B23 10.2 0.326 
7.B50 3.104 3096.6 99.170 10. B 0.347 
7.900 9.204 3103.2 99.446 B.6 0.276 
7.950 9.304 3122.3 100.000 17.3 0.334 
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PHI PSI HEIGHT cum X FREOM 
5.250 3.335 1659.8 49.747 54.4 
5.300 4.035 1713.4 51.352 33.6 
5.350 
WS8 




5.500 4.435 1916.0 57.424 4B.7 
5.550 4.335 1962.9 58.831 46.3 
5.600 ' 4.635 2009.5 60.228 46. B 
5.650 4.735 2053.1 El.533 43.5 
5.700 4.835 2097.1 62.852 44.0 
5.750 4.935 2140.2 64.145 43.1 
5.800 S.03S 2184.B 65.480 44.5 
5.B50 5.135 2227.4 66.757 42.6 
5.900 5.235 2272.2 68.101 44.a 
5.950 5.335 2313.5 69.337 41.2 
6.000 5.435 2354.2 70.5SB 40.7 
6.050 5.535 2394.6 71.769 40.4 
6.100 S.6J5 2433.2 72.924 3B.3 
6.150 5.735 2472.0 74.087 38.B 
6.200-' S.B35 2509.7 75.217 37.7 
6.250 5.935 
6.035 
2546.0 76.306 36.3 
6.300 2583.5 77.429 37.5 
6.350 6.135 2618.4 78.475 34.3 
6.400 6.235 2643.5 79.409 31.2 
6.450 6.335 2682.1 80.386 32.E 
6.500 6.435 2715.4 81.382 33.2 
6.SS0 6.535 274B.S B2.374 33.1 
6.600 6.635 2782.; 83.399 34.2 
6.650 6.735 2814.4 64.351 31.8 
6.700 6.835 2846.3 85.312 32.1 
6.750 6.935 2876.9 B6.223 30.4 
C. BOO 7.035 2908.4 87.168 31.3 
6.B50 7.135 2940.2 BB.121 31.8 
6.900 7.235 2970.0 69.013 29.8 
6.950 7.335 2999.6 B9.90I 29.6 
7.000 7.435 3029.7 90.804 30.1 
7.050 7.535 3058.9 91.67B 29.2 
7.100 7.635 30B3.3 92.410 24.4 
7.150 7.735 3108.B 93.174 25.5 
7.200 7.835 3132.8 93.891 24.0 
7.250 7.9J5 3155.5 94.574 22.8 
7.300 B.035 3174.9 95.155 19.4 
7.350 0.135 3193.1 95.700 IB.2 
7.400 8.235 3209.B 96.200 16.7 
7.450 B.33S 3225.1 96.653 15.3 
7.500 8.435 3239.8 97.101 14.7 
7.550 U.53S 3254.5 97.539 14.E 
7.U0O 8.635 3266.5 97.901 12.1 
7.650 B.735 3278.3 98.253 11.7 
7.700 B.835 328B.7 9B.5G5 10.4 
7.750 8.935 32SB.4 90.057 9.7 
7.UO0 9.035 330G.3 99.110 8.4 
7.B50 9.135 331E.3 99.391 9.4 
7.900 9.235 3324.1 93.626 7.8 


























































APPENDIX 4A (continued) 
PHI PSI >tl (.HI cunn t KktUW 
2.500 -1.53b 0.0 o.ooo 0.0 
2.550 -1.496 0.0 , 0.000 0.0 
2.600 -1.396 O.O 0.000 0.0 
2.650 -1.296 0.0 0.000 0.0 
2.7O0 -1.196 0.0 o.ooo 0.0 
2.750 -1.09G 0.0 0.0U0 0.0 
I.BOO -0.9DC 0.0 o.ooo O.O 
2. BIO -0.B96 0.0 0.000 0.0 
2.900 -0.7UG 0.0 0.000 0.0 
2.930 -0.E96 0.0 0.000 0.0 
3.000 -0.596 0.0 0.000 0.0 
3.050 -0.496 0.0 0.000 0.0 
3.100 -0.39G 0.0 o.ooo 0.0 
3.130 -0.296 0.0 0.000 0.0 
3.200 -0.196 0.0 0.000 0.0 
3.250 -0.036 0.0 0.000 0.0 
3.3o0 0.004 0.0 0.000 0.0 
3.330 0.104 0.0 0.000 0.0 
3.400 0.204 0.0 0.000 0.0 
3.450 0.304 0.0 o.ooo 0.0 
3.500 0.404 1.6 0.033 1.6 
3.530 0.504 26.4 0.B96 24. B 
3.GOO 0.604 53.6 I.B25 27.4 
3.650 0.704 B2.2 2.7B6 2B.3 
3.70U 0.BO4 111.0 3.7G1 26.B 
3.730 0.904 140.6 4.7G5 29.6 
3.HO0 1.004 170.5 5.77B 29.9 
3.030 1.104 201.1 6.BIO 30.7 
3.900 1.204 231.4 7.944 30.3 
3.930 1.304 262.5 B.B96 31.0 
4.000 1.404 295.3 10.010 32.9 
4.030 1.304 32B.4 11.131 33.1 
4.100 1.604 3E2.4 12.2B4 34.0 
4.130 1.704 337.2 I3.4CS 34.6 
4.200 1.004 432.6 14.665 33.4 
4.230 1.904 471.4 15.977 3B.7 
4.300 2.004 513.3 17.400 42.0 
4.350 2.104 557.4 IB.694 44.1 
4.400 2.204 603.3 20.441) 45.9 
4.450 2.304 G30.5 22.049 47.2 
4.300 2.404 G95.B 23.720 49.3 
4.550 2.504 750. G 25.440 50.6 
4.600 2.604 B02.G 27.205 52.1 
4.£50 2.704 B37.2 29.054 54.6 
4.7U0 2.B04 912.6 30.934 55.3 
4.730 2.304 967.9 32.B09 55.3 
4.8&0 3.004 1024.B 34.735 .56.6 
4.IJ50 3.104 I0B2.6 36.694 57.B 
4.9w) 3.204 1139.4 3B.G2I 56.9 
4.950 3.304 1197.6 40.593 5B.2 
3.000 3.404 1256.2 42.561 511.6 
3.050 3.304 I3l!i.l 44.576 50.9 
5.100 3.604 1373.4 46.353 56.3 
5.150 3.704 1430.B 4U.49B 57.4 
3.200 3.B04 I4B8.7 30.439 37.9 

























































PHI PSI HEIGHT cum I FOE CM FREOM X 
3.250 3.904 1545.1 32.370 56.4 1.911 
S.300 4.004 1600.5 54.250 33.3 1.880 
5.330 4.104 1656.5 56.147 56.0 1.897 
3.400 4.204 1710.6 S7.9B0 54.1 I.B33 
3.450 4.304 1762.9 39.755 52.4 1.773 
3.300 4.404 IBM.2 61.494 51.3 1.739 
5.330 4.504 IB64.7 
1913.0 
63.204 50.5 1.710 Ik 4.604 64.641 4B.3 1.637 4.704 1959.4 6G.4I3 46.4 1.372 
5.700 4.B04 2004.1 67.931 44.B 1.310 
5.750 4.904 204G.3 69.366 42.4 1.437 
3.000 5.004 20B6.7 70.726 40.1 1.360 
5.630 5.104 2125.1 72.030 3B.4 1.302 
3.900 5.204 2161.9 73.27B 36.B 1.249 
3.950 5.304 ZI96.3 74.444 34.4 1.163 
6.000 5.404 2226.0 75.316 31.7 1.073 
6.030 5.504 2259.3 76.379 31.3 1.060 
6.100 5.604 22B7.B 77.347 28.6 0.666 
G.150 5.704 2314.3 7B.445 26.3 0.899 
6.200  • 5.B04 2340.6 79.343 26.5 0.897 
G.230 3.904 2366.7 60.221 23.9 0.076 
6.300 6.004 2390.7 BI.033 24.0 0.612 
6.350 6.104 2414.0 B1.B22 23.3 0.769 
6.400 6.204 2436.0 62.566 22.0 0.746 
6.450 6.304 2455.6 B3.240 19.8 0.671 
6.300 6.404 2475.9 B3.92I 70.1 0.681 
6.350 6.504 2495.B 64.596 19.9 0.673 
6.GOO 6.604 2316.7 B5.303 20.B 0.706 
6.630 6.704 2336.7 05.381 20.0 0.E78 
6.700 6.604 2357.0 B6.669 20.3 0.668 
6.750 6.904 2576.9 67.344 IB.9 0.674 
6.BOO 7,004 2394.6 B7.943 17.7 0.600 
G.B50 7.104 2611.9 88.531 17.3 0.368 
6.900 7.204 2630.0 B9.I46 IB. 1 0.614 
G.930 7.304 2G4B.3 69.766 IB.3 0.621 
7.000 7.404 2666.1 90.367 17.7 O.GOI 
7.050 7.304 26B2.7 90.931 16.6 0.563 
7.100 7.604 269B.B 91.477 16.1 0.547 
7.150 7.704 2713.6 9I.97B 14.8 0.501 
7.200 7.804 2729.9 92.532 
93.009 
16.3 0.333 
0.477 7.250 7.904 2744.0 14.1 
7.3O0 B.004 273B.B 93.509 14.8 0.300 
7.350 B.I04 2774.7 94.04B IS.9 0.339 
7.4O0 6.204 27B9.4 04.549 14.8 0.501 
7.450 B.304 2803.7 93.031 14.2 0.482 
7.500 6.404 2BIB.3 95.334 14.8 0.303 
7.550 B.504 2634.2 96.067 15.7 0.333 
7.GOO B.604 2050.B 96.628 16.6 0.362 
7.650 B.704 2667.1 97.181 16.3 0.333 
7.700 B.b04 2BB3.7 97.744 16.6 0.363 
7.750 B.904 2900.2 9B.303 16.3 0.359 
7.BOO 9.004 2917.0 96.a/i 16.B 0.566 
7.B50 9.104 2933.7 99.439 16.B 0.56B 
7.9O0 9.204 2930.3 100.000 16.3 0.561 
7.930 9.304 2930.3 100.000 0.0 0.000 
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CRUISE HBIOIA 6AflPU C2-E 
MM -  1-B o'o O'OM 8*0 S'SS »-J50 3.672 IBIE.I 61.342 4B.3 I.B3B 
7-G?8 I  'nSfl 8-8 S"SM n'n 8-222 5-350 4.072 1000.3 64.457 45.3 1.329 Z.EDU -I.3.B 0.0 0.000 0.0 0.000 « 4|10 4  .7-1 tg.j u £5 q<g 41  * 1.502 |-2tf "i-??S 2-2 2-222 2-2 2-222 ^M 4:272 i" i v.m JJ i Jif 2*S!J " -JS2 2-2 9-222 2-2 2-222 =>-soo 4.372 2034.9 68.732 40.2 1.319 
s'SK "JL-S51 2-2 8-292 °-8 9-222 ».»o   • 4.472 2072.9 70.012 37.9 1.201 
?•£? "2-2;? 2-2 2-9X2 2-2 2-222 *■**> 4.572 2109.1 71.241 36.4 1.229 2-^9 "2-?;S 2-9 2-922 °-2 0.000 s.C5o 4.672 2144.1 72.420 34.9 1.179 2.950 -0.72B O.O 0.000 U.O 0.000 5.700 4.772 2I7B.6 73.3B9 34.6 1.168 
3.000 -0.62B 0.0 0.000 0.0 0.000 j 4K 4 B72 "pi3 0 74 749 34 4 1.161 3.050 -0.5:8 0.0 0.000 0.0 0.000 ?-Z52 J'S,? hli'l /J-DJO 3*3 I  093 2-ISS "S-Sil! 8-8 8-888 8-8 8*888 S:-SiS Wfe zffti »:8BS &:? i:8!B9 %-?% 2-2?B 2-2 S'222 2-2 2-222 s.ooo 5.172 2305.1 77.951 29.9 0.973 foSS :8:TII 8:8 8:088 8:8 8:888 g-g^s li'l lEi nUl 3S-S i'SSi 3.300 -0.0M 0.0 0.000 0.0 0.000 l;°0$ IM !§§l:f E:§?! 29:7 !:8o2 3-?5>2 2-f?l 2-2 2-9?2 2-2 2-2^2 G.IOO 3.572 2423.1 BI.BM 29.7 1.003 
3-122 2-i?l 2-2 2-222 2-2 2-222 G.ISO- 3-E" ""-S BJ.BG-B 2B.2 0.932 2-^2 °-V.l 2-2 2-922 2-° 2-222 E-2oo 3.772 24W.3 B3.7B4 27.2 o.gie 3.500 0.372 0.0 0.000 0.0 0.000 6.250 3.B72 2307.4 B4.633 26.9 0.909 
3.330 0.472 34.2 1.133 34.2 1.135 B.3o0 5.972 2334.1 03.597 26.7 0.903 3.600 0.372 78.6 2.6EI 44.6 1.306 6.351) 6.072 2360.0 06.468 25.B 0.B72 
3.630 0.672 123.0 4.222 4C.2 1.561 6.400 6.172 2584.7 87.303 24.B 0.B37 
3.700 0.772 172.0 3.BIO 47.0 I.5B7 6.450 6.272 2609.6 B6.I44 24.B 0.838 
3.750 0.B72 219.1 7.401 47.1 I.591 G.SOO 6.372 2633.4 B6.B4B 23.8 0.BO4 
3.0u0 0.972 267.0 9.0|9 47.9 1.616 6.550 6.472 2635.3 B9.696 22.2 0.749 
3.BS0 1.072 314.5 I0.C24 47.5 I.E05 E.600 6.572 2677.4 90.435 21.9 0.73B 
3.900 1.172 364.7 12.310 Su.2 1,693 6.630 6.672 2701.3 91.230 24.1 0.B13 
3.910 l.::C 41J.6 13.370 40.9 l.ESI 6.700 6.772 2721.0 91.909 19.3 0.639 
4.000 1.3'2 462.1 15.CO 40.5 1.63J 6.730 b.872 2739.2 92.521 18.1 0.E12 
4.03u 1.472 511.3 17.263 49.2 1.661 B.BuO 6.972 2753.B 93.0B2 16.6 0.361 
4.100 1.572 5E1.0 IB.949 49.7 1.6B0 6.B50 7.072 2769.8 93.557 14.1 0.475 
4.150 1.672 612.5 20.66B 51.5 1.735 G.SuO 7.172 27B2.1 93.973         - 12.3 0.416 
4.200 1,772 662.1 22.3C3 49.6 1.673 6.930 7.272 279G.2 94.449 14.1 0.473 
4.230 I.B72 715.1 24.154 33.0 1.792 7.000 7.372 2B09.3 94.892 13.1 0.443 
4.300 1.97; 766.6 25.961 53.3 1.606 7.050 7.472 2821.0 B5.2B7 11.7 0.393 
4.350 2.072 623.7 J7.B35 55.1 I.BE* 7.100 7.572 2B32.3 95.E67 11.3 0.380 
4.400 2.172 OOo.O 29.722 SB.2 1.B99 7.130 7.672 2B43.0 96.030 10.7 0.362 
4.450 2.272 936.2 31.624 SC.3 1.901 7.200 7.772 2B35.9 96.463 12.8 0.433 
4.5O0 2.372 992.2 33.314 3C.0 1.B3I 7.250 7.672 2067.7 96.863 11.9 0.400 
4.530 2.472 I04U.9 33.419 56.7 1.915 7.3u0 7.972 21380.2 97.294 12.3 0.421 
4.600 2.572 1107.3 37.400 58.4 1.971 7.330 8.072 2B94.5 97.76B 14.3 0.4B3 
4.C30 2.E72 11G4.4 39.330 37.1 1.930 7.400 8.172 2904.2 99.097 9.8 0.329 
4.700 2.772 1222.0 41.277 57.7 1.947 7.450 8.272 2914.4 98.440 10.2 0.343 
4.750 2.B72 1279.3 43.213 57.3 1.935 7.500 8.372 2923.2 3d.736 B.B 0.296 
4.i)00 2.972 1336.B 45.153 57.4 1.940 7.550 8.472 292B.8 38.927 9.6 0.190 
4.850 3.072 1393.5 47.067 56.7 1.914 7.600 B.572 2935.4 99.I4B 6.E 0.222 
4.900 3.172 1448.6 46.929 53.1 I.B62 7.E50 8.672 2940.5 99.322 5.1 0.174 
4.950 3.272 1505.0 50.83G 56.3 1.908 7.700 B.772 2943.7 99.498 3.2 0.176 
5.000 3.372 1560.0 52.694 55.0 1.836 7.730 8.872 2950.3 99.654 4.E 0.136 
5.050 3.472 1614.B 54.544 54.6 1.050 7.800 8.972 2952.7 99.734 2.4 0.080 
5.100 3.572 1ECB.0 5E.340 53.2 1.706 7.850 S.072 2956.0 99.845 3.3 0.111 
3.150 3.672 1719.3 58.072 51.3 1.732 7,900 9.172 2960.6 100.000 4.B 0.153 
3.200 3.772 1767.B 59.704 4B.3 1.G32             ■        7,950 a.272 2960.6 100.000 0.0 0.000 
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APPENDIX 4A (continued) 
CMJISE TI1EZ SAMPLE C3-6 
Pill PSI               ME1CHT CUW1 1          FREOM FREOM t PHI PSI HEIGHT Clftl X FREOM FREOM X 
2.300 -I.62U 0.0 0.000 0.0 0.000 5.250 3.671 1SS5.I 50.543 El.2 1.941 
2.550 -I.52B 0.0 . 0.000 0.0 0.000 5.300 3.972 1655.0 52.445 59.8 1.900 
2.BOO -1.4.18 0.0 0.000 0.0 0.000 5.350 4.072 1713.7 54.304 58.7 1.860 
2.E50 -I.328 0.0 0.000 0.0 0.000 5.400 4.172 1772.5 SE.IES 56.8 1.BE4 
2.700 -1.228 0.0 0.000 0.0 0.000 5.450 4.272 1829.7 57.979 57.1 I.BIO 
2.750 -1.128 0.0 0.000 0.0 0.000 5.500 4.372 1963.3 S9.E7B 53.6 1.B99 
2.800 -I.02B 0.0 0.000 0.0 0.000 5.550 '4.472 1933.9 El.284 50.7 1.606 
2.850 -0.3:il 0.0 0.000 0.0 0.000 5.EO0 4.572 1983.4 62.851 49.5 1.569 
2.900 -0.B28 0.0 0.000 0.0 0.000 5.650 4,672 2030.8 £4.353 47.4 1.501 
2.950 -0.728 0.0 0.000 0.0 0.000 5.700 4.772 2076.5 65.800 45.7 1.447 
3.000 -0.626 0.0 0.000 0.0 0.000 5.750 4.872 2121.5 67.227 45.0 1.427 
3.050 " "" "  "" J|V„ -0.52S 0.0 0.000 0.0 0.000 3.600 4.972 2165.5 68.621 44.0 1.394 3.100 -0.428 0.0 0.000 0.0 0.000 5.850 5.072 2206.B 69.S30 41.3 1.309 
3.130 -0.32B 0.0 0.000 0.0 0.000 5.900 5.172 2246.4 7I.1B6 39.6 1.256 
3.200 -0.228 0.0 0.000 0.0 0.000 5.950 5.272 2284.4 72.390 3B.0 1.204 
3.230 -0.128 0.0 0.000 0.0 0.000 6.000 5.372 2319.9 73.515 35.5 1.123 
3.300 -0.028 0.0 0.000 0.0 0.000 6.050 5.472 2355.2 74.633 35.3 1.118 
3.350 0.072 0.0 0.000 0.0 0.000 6.100 5.572 2390.3 75.746 35.1 1.114 
3.400 0.172 0.0 0.000 0.0 0.000 6.150 •       5.672 2423.3 76.791 33.0 1.045 
3.450 0.272 0.0 0.000 0.0 0.000 6.200 5.772 2454.1 77.7CB 30.8 0.976 
3.500 0.372 4.9 0.155 4.9 0.155 6.250 5.872 2482.1 76.655 26.0 0.BB7 
3.550 0.472 27.2 0.861 22.3 0.706 6.300 5.972 2500.3 79.4B5 26.2 0.B30 
3.600 0.572 50.7 1.606 23.6 0.746 6.350 6.072 2533.3 80.277 25.0 0.793 
3.630 0.672 75.4 2.391 24.7 0.783 6.400 6.172 2556.9 BI.089 25.6 0.811 
3.700 0.772 101.5 3.215 26.0 0.824 6.450 6.272 ZSB7.3 B1.98B 28.4 0.B9B 
3.750 O.B72 131.0 4.150 29.5 0.935 6.500 6.372 2615.B 82.BUI 28.5 0.903 
3.BOO 0.972 162.3 5.142 31.3 0.992 6.550 6.472 2643.4 B3.767 27.6 0.876 
3.B50 1.072 194.9 6.175 32.6 1.033 6.600 6.572 2670.4 84.621 27.0 0.854 
3.900 1.172 227.2 7.200 32.4 1.025 6.650 6.672 2696.8 B5.45B 26.4 0.B37 
3.U50 1.272 261.6 6.291 34.4 1.091 6.700 6.772 2724.1 B6.322 27.3 0.664 
4.000 1.372 296.0 9.379 34.3 I.086 6.?50 6.B72 2751.8 B7.200 27.7 0.878 
4.030 1.472 331.2 10.4D7 35.3 1.117 6.B0O 6.972 2779.2 BO.071 27.3 0.B71 
4.100 1.572 367.8 11.654 36.5 1.157 6.050 7.072 2b05.7 88.910 26.3 0.840 
4.150 1.672 405.0 12.634 37.2 I.IBO 6.900 7.172 2829.7 89.668 23.9 0.758 
4.200 1.772 443.5 14.053 36.5 1.219 6.950 7.272 2B50.9 90.341 21.2 0.E73 
4.250 1.872 484.6 15.355 41.1 1.302 7-000 7.372 2D7I.4 90.991 20.5 0.650 
4.3O0 1.972 526.5 16.6B3 41.9 1.328 7.050 '.472 2090.6 91.598 19.2 0.607 
4 350 2.072 569.1 18 034 42 6 1.350 7.100 '."2 2907.9 92.149 17.4 0.550 
4 4u0 » 17' 613 8 19 451 44 7 1.417 '•'** '-6'* 2925.9 92.719 IB.O 0.570 
4*450 ' '72 66' 0 '0 979 4B ' MB 7.200 7.772 2343.9 93.2BS 18.0 0.570 J'SM S'att 775:8 25:583 io:B Kill ' 7-250 7.B72 2S60.B 93.824 16.9 0.536 
4.550 2.472 765 ' 24.247 52 3 I.E5B '.300 7.972 2977.7 94.359 16.9 0.334 
4.600 2.37! 618.? 25.945 53.6 1.697 7.350 6.072 2993.9 94.873 16.2 0.515 
4.650 2.672 873.G 27.684 54.9 1.740 7.400 6.172 3oo8.U 93.346 14.9 0.472 
4.700 2.772 929.9 29.469 56.3 1.784 7.450 ".272 3026.2 95.835 17.3 0.549 
4.750 2.872 987.8 31.301 57.8 I.833 7''00 8.372 30J3.I 96.430 16.9 0.335 
4! 650 
4.900          ..     . 
MSo alii illf-a Jo'776 60I il's2 •>:» ■:»« ailfilB SB'Sis 14:6 0.-463 
5"£ft !'¥i7 nSflO 4?'716 El' 1 940 '•«» fl-9'2 3132.0 99.249 13.2 0.417 
3*100 3*572 409*8 44676 'i I960 '■'»0 S-°" 3144.3 99.638 12.3 0.399 
5 SO 3*672 471 *7 «"637 6*9 961 7.900 B.I72 3155.7 100.000 11.4 0.362 
3 200 3 772 333 8 4B 605 62 I 968              *   7.950 9.272 3155.7 100.000 0.0 0.000 
BOO 2.'372        1043.*3       33! 129 37*7 1*628 '-fW |.«*J       ?059.7       96.957 16.6 0.327 34 9E3 57 9 1 B34 7.600 8.372       3074.8       97.438 13.2 0.481 
36*899 611 1.936 7.630 6.672       3069.4       97.899 14.6 0.461 
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CRUISE H820IA SAMPLE C4-S 
PHI PSI HEIGHT CUM I FREOH FREUK ; 
2.500 -1.62B 0.0 0.000 0.0 0.000 
2.550 -1.528 0.0 . o.ooo 0.0 0.000 
2.600 -1.428 0.0 0.000 0.0 0.000 
2.B50 -1.32B 0.0 0.000 0.0 0.000 
2.700 -1.22B 0.0 0.000 0.0 0,000 
2.750 -1.I2B 0.0 0.000 0.0 0.000 
2.BOO -1.028 0.0 0.000 0.0 o.ooo 
2.B30 -0.928 0.0 o.ooo 0.0 0.000 
2.900 -0.B2B 0.0 0.000 0.0 0.000 
2.950 -0.728 0.0 0.000 0.0 0.000 
3.000 -0.E2B 0.0 o.ooo 0.0 0.000 
3.050 -0.52B 0.0 0.000 0.0 o.ooo 
3.100 -0.42B 0.0 0.000 0.0 0.000 
3.150 -0.32B 0.0 0.000 0.0 o.ooo 
3:38 « 8:8 8:888 8:8 0.000 0.000 
3.3o0 -0.02B 0.0 0.000 0.0 0.000 
3.350 0.072 0.0 0.000 0.0 0.000 
3.400 0.172 0.0 0.000 0.0 o.ooo 
3.450 0.272 19.5 0.651 19.5 0.651 
3.500 0.372 46.2 1.539 26.7 0.B8B 
3.550 0.472 7E.1 2.538 30.0 0.999 
3.600 0.572 106.4 3.347 30.3 i.OOS 
3.650 0.672 137.6 4.SB6 31.2 1.039 
3.700 0.772 16b,4 5.612 30.B 1.026 
3.750 0.B72 200.2 6.674 31.9 1.062 
3. BOO 0.972 234.2 7.006 34.0 1.132 
3.B50 1.072 269.0 8.96B 34.8 1.162 
3.900 1.172 304.8 10.161 35. B 1.193 
3.350 1.272 342.0 11.399 37.2 1.233 
4.000 1.372 3B0.E I2.EB7 38.G I.2B7 
4.050 1.472 420.1 14.001 39.4 1.315 
4.100 1.572 459.9 15.329 39. B 1.328 
4.150 I.G72 500.4 I6.C79 40.5 1.330 
4.200 1.772 541. B 18.038 41.4 1.379 
4.250 1.B72 585.4 19.512 43. E 1.454 
4.3oo 1.972 631.3 21.043 45.9 1.331 
4.330 2.072 678.7 22.623 47.4 1.380 
4.400 2.172 727.6 24.251 46.B 1.627 
4.450 2.272 776.5 25.BH2 49.0 1.632 
J:38 m Iftg 59:292 51.0 5i.3 1.701 1.709 
4.600 2.572 330.6 31.019 51.8 1.727 
4.G50 2.672 984.3 32.B09 53.7 1.7S0 
4.700 2.772 1040.7 34.689 56.4 I.BBO 
4.750 2.B72 1098.4 36.EI0 57.6 1.921 
4.B00 2.972 1156.1 38.534 57.7 1.924 
4.D50 3.072 1211.8 40.392 55.7 1.857 
4.900 3.172 1267.1 42.234 35,3 1.843 
4.950 3.272 1322.5 44.080 53.4 I.B4E 
5.000 3.372 1377.9 45.927 55.4 1.B47 
3.050 3.472 1432.4 47.743 54.5 1.816 
5.100 3.572 I486.3 49.541 34.0 1.79B 
3.130 3.672 1539.2 31.303 32.9 1.762 
9.200 3.772 1592.5 53.060 53.3 1.777 
PHI PSI HEIGHT OM1 I FREOW FREOW 1 
5.250 3.872 1644.3 54.BOS 51.B 1.723 
5.300 3.972 1693.2 56.435 4B.9 1.630 











5.500 4.372 18BG.I E2.B64 47.4 1.379' 
5.350 ■ 4.472 1931.B 64.3138 45.7 1.323 
5.600 4.572 197B.7 65.952 46.9 I.5E4 
5.650 4.672 2024.3 67.479 45.8 1.32B 
3.700 4.772 2069.3 68.977 44.9 1.498 
3.750 4.B72 2111.8 70.386 42.3 1.410 
5.BOO 4.972 2132.6 71.748 40. B 1.360 
3.830 5.072 2193.3 73.113 41.0 1.363 
5.900 5.172 2234.0 74.461 40.4 1.348 
5.950 5.272 2272.8 75.755 3B.B 1.294 
6.000 5.372 2310.G 77.014 37.8 1.239 
6.050 5.472 2348.4 78.273 37.8 1.2S2 
6.100 5.572 2383.B 79.433 33.4 1.179 
6.150.. 3.672 2417.0 80.563 33.3 1.108 
6.200 5.772 2449.3 B1.637 32.2 1.074 
6.230 3.B72 2479.1 B2.63I 29.B 0.994 
6.300 5.972 2307.7 B3.5BS 2B.E 0.954 
6.330 E.072 2336.3 B4.S39 28.6 0.954 
6.400 E.I72 2562.7 BS.4IS 26.4 0.680 
6.450 6.272 23B6.3 86.204 23.6 0.7B3 
6.500 6.372 2607.0 B6.B94 20.7 0.690 
6.550 6.472 2626.2 87.536 19.2 0.642 
6.600 E.S72 2642.7 BO. 095 16.5 0.349 
6.650 6.672 2657.2 8B.567 14.3 0.4B2 
6.700 6.772 2671.B BS.053 14.E 0.4B6 
6.750 6.B72 2685.4 69.30B 13.7 0.433 
6.800 6.972 269S.I 89.931 12.7 0.423 
6.830 7.072 2710.1 90.330 12.0 0.398 
C.BOO 7.172 2721.3 90.703 11.2 0.373 
B.930 7.272 2732.0 91.062 10. B 0.359 
7.000 7.372 2742.2 91.401 10.2 0.339 
7.050 7.472 2734.4 SI.607 12.2 0.406 
7.100 7.372 2767.1 92.232 12.8 0.423 
7.150 7.672 2779.8 92.655 12.7 0.423 
7.200 7.772 2793.0 93.095 13.2 0.440 
7.250 7.B72 2B04.7 93.4B3 II.E 0.3BB 
7.300 7.972 2BIB.0 93.92B 13.4 0.443 
7.330 8.072 2B29.4 94.306 11.3 0.378 
7.400 B.172 2B4E.7 S4.B83 17.3 0.376 
7.450 B.272 2863.7 93.452 17.1 0.3E9 
7.500 B.372 2880.7 9G.0I7 17.0 0.3E3 
7.530 B.472 2894.3 96.470 13.E 0.433 
7.600 B.572 2906.0 96.860 11.7 0.390 
7.E50 8.672 2917.5 97.243 11.3 0.383 
7.700 B.772 2927.9 97.592 10.3 0.34B 
7.730 B.B72 293E.9 97.890 B.9 0.298 
7.8lK) 8.972 2944.3 98.138 7.4 0.248 
7.B50 9.072 294B.4 3B.273 4.1 0.136 
7.900 9.172 2948.4 96.273 0.0 0.000 
7.850 9.272 3000.2 too.000 31.B 1.727 
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CRUISE U8010A SAMPLE Cl-7 
PHI PSI HEIGHT CUfW I FREOH FREDH 1 
2.300 -1.535 0.0 0.000 0.0 0.000 
2.350 -1.435 0.0 0.000 0.0 0.000 
2.600 -1.335 0.0 0.000 0.0 0.000 
2.650 -1.235 0.0 0.000 0.0 0.000 
2.70O -1.135 0.0 0.000 0.0 0.000 
2.750 -1.033 0.0 0.000 0.0 0.000 
2.6'AI -0.935 0.0 0.000 0.0 0.000 
2.US0 -0.B35 0.0 0.000 0.0 0.000 
2.UW -0.735 0.0 0.000 0.0 0.000 
2.330 -0.6J3 0.0 O.uOO 0.0 0.000 
3,«>0 -0.535 0.0 0.000 0.0 0.000 
3.030 -0.435 0.0 0.000 0,0 0.000 
3.100 -0.335 0.0 0.000 0.0 0.000 
3.150 -0.235 0.0 0.000 0.0 0.000 
3.200 -0.135 0.0 0.000 0.0 0.000 
3.230 -0.035 0.0 O.OIKJ 0.0 0.000 
3.300 0.065 0.0 0.000 0.0 0.000 
3.330 0.IC5 0.0 0.000 0.0 0.000 
3.400 0.2B5 0.0 0.000 0.0 ■  0.000 
3.450 0.363 0.0 0.000 0.0 0.000 
3.500 0.4E5 23.7 0.060 23.7 0.B60 
3.550 O.SES 35.1 1.939 31.4 1.140 
3.600 0.663 BB.B 3.222 33.7 1.223 
3.650 0.763 126.8 4.598 37.9 1.376 
3.700 O.BES 173.0 6.274 46.2 1.E76 
3.750 0.9E5 221.7 B.042 4B.7 I.768 
3.000 I.0C5 273.0 9.301 31.3 1.659 
3.650 1.165 327.0 ll.BEO 54.0 1.9b0 
3.900 1.265 3B3.5 13.SOB 5G.5 2.048 
3.950 1.3CS 445.0 16.139 El.5 2.231 
4.000 I.4G5 50B.E 18.448 63.7 2.309 
4.030 I.565 572.3 20.756 63.B 2.30B 
4.100 1.665 B37.4 23.IIB 65.1 2.362 
4.I3U l.7t>5 702.9 23.494 63.3 2.3/6 
4.200 1.863 7Cb.O 27.B55 65.1 2.361 
4.230 1.965 6JI.I 30.143 C3.1 2.299 
4.300 2.065 B92.7 32.378 til.6 2.234 
4.330 2.165 954.4 34.614 61.6 2.236 
4.4uu 2.263 1017.1 36.890 £2.7 2.276 
4.450 2.363 I07B.4 39.114 El.3 2.224 
4.300 2.465 1137.G 41.260 39.2 2.146 
4.330 2.565 11114.8 43.335 57.2 2.075 
4.£o0 i.665 1250.3 45.346 53.4 2.011 
4.650 2.7t,5 1303.5 47.348 55.2 2.003 
4.700 2.665 1359.0 49.290 33.5 1.942 
4.750 2.9C5 1411.7 51.201 32.7 1.910 
4.800 3.065 1463.7 53.0B7 52.0 I.BB7 
4.BS0 3.165 1514.E 54.933 50.3 1.846 
4.900 3.265 15B3.7 56.715 49.1 1.7B2 
4.930 3.365 IGI0.6 56.414 46.9 1.700 
5.000 3.4C5 1655.9 GO.056 45.3 1.642 
5.050 3.565 1699.9 61.655 44.1 1.53a 
3.100 3.665 1743.B E3.239 43.7 1.503 
5.150 3.763 17BB.2 64.7BI 42.5 1.542 
5,200 3.B65 1B2E.E 66.247 40.4 1.466 
PHI PSI HEIGHT cum I FREOM FREOM X 
5.250 3.965 1B65.3 67.653 38.a 1.406 
5.300 4.0G5 1901.8 68.977 36.5 1.329 
3.330 4.165 I93G.2 70.223 34.4 I.24E 
5.400 4.263 1969.B 71.442 33.6 1.219 
i:3S8 4.365 4.465 2003.0 2034.9 731802 33.2 31.9 1.203 1.137 
3.550 .4.565 2063.3 74.905 30.4 1.103 
5.600 4.665 
m 
7094.B 75.975 29.5 1.070 
m M il'.i m 
5.750 4.965 2173.2 7B.BIB 23.'E 0.929 
5.800 5.065 2197.6 79.705 24.5 0.887 
3.850 5.165 •   1222.7 BO.614 23.1 0.909 
3.900 5.265 224E.S BI.47B 23.e 0.BE2 
5.950 3.365 22SB.3 B2.2E9 21.9 0.793 
E.000 3.463 Z2B8.0 82.993 19.7 0.714 
£.050 5.565 
5. 6C5 
2306.3 63.646 IB.3 0.EE3 
£.100 2324.6 B4.310 IB.3 0.662 
E.I50 5.765 2341.9 84.936 17.3 0.E2E 
G.200 ' S.BE5 235B.7 83.349 IE.9 0.E13 







E.06S 16.0 0.382 
£.330    . E.I63 2405.2 B7.235 13.E 0.493 
6.400 £.265 2419.0 87,734 13.B 0.499 
E.430 6.365 2431.3 BB.I7S 12.2 0.444 
6.300 E.4E5 2443.9 B8.63B 12.7 0.459 
6.550 E.SE5 2437.3 89.130 13. E 0.492 
E.600 6. ECS 2470.2 B9.590 12.7 0.4EO 
E.630 6.765 24B1.G 90.003 11.4 0.413 
6.700 E.BG5 2491.9 90.376 10.3 0.373 
G.7S0 B.9C5 2502.3 90.757 10.3 0.381 
6. BOO 7.065 2512.2 91.114 9.8 0.337 
G.B50 7.165 2521.9 91.467 9.7 0.353 
E.900 7.265 2331.7 9I.B22 9.B 0.355 
E.950 7.365 2342.1 92.19B 10.3 0.375 
7.000 7.4C5 2551.B 92.349 9.7 0.352 
7.050 7.365 25B0.E S2.B6B B.B 0.319 
7.I0U 7.665 2571.0 93.247 10.4 0.379 
7.150 7.765 2580.2 93.582 9.2 0.333 
7.200 7.863 2590.2 93.941 9.9 0.339 
7.250 7.965 2600.2 94.305 10.0 0.3E4 
7.300 B.0G5 2EI0.3 94.E72 10.1 0.3E7 
7.330 B.1E5 2620.3 95.034 10.0 0.362 
7.400 B.26S 2623.0 95.330 B.7 0.315 
7.430 B.365 2639.E 93.735 10.6 0.383 
7.300 8.465 2650.4 9E.I25 10.B 0.390 
7.550 8.563 2EB2.7 96.571 12.3 0.447 
7.E00 B.665 2675.8 97.047 13.1 0.47E 
7. £50 B.7I15 26B9.5 97.545 13.7 0.497 
7.700 8.BGS Z702.B 98.020 13.1 0.476 
7.730 B.96S 271E.0 9B.S0G 13.4 0.483 
7. BOO 9.065 2730.4 99.029 14.4 0.523 
7.850 9.IES 2744.4 99.535 14.0 0.30G 
7.900 9.265 2757.2 100.000 12.8 0.4E3 
7.950 9.365 2757.2 100.000 0.0 0.000 
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APPENDIX 4A   (continued) 
CRUISE M810IA SAflPLE C2-7 
PHI PSI wicur cura i rscuH FKOU I 
2.900 -1.5E5 0.0 0.000 0.0 0.000 
2.550 -1.4E5 0.0 '0.000 0.0 0.000 
2.BOO -I.3B5 0.0 0.000 0.0 0.000 
2.£50 -I.2B5 0.0 0.000 0.0 0.000 
2.700 -I.IC3 0.0 0,300 0.0 0.000 
2.7)0 -1.063 0.0 0.000 0.0 0.000 
2.BOO -0.965 0.0 0.000 0.0 0.000 
2.830 -0.BG3 0.0 0.000 0.0 0.000 
2.SO0 -0.765 0.0 0.000 0.0 0.000 
2.930 -0.E65 0.0 0.000 0.0 0.000 
3.000 -0.5E5 0.0 0.000 0.0 0.000 
3.030 -0.463 0.0 0.000 0.0 0.000 
3.100 -0.363 0.0 0.000 0.0 0.000 
3.130 -0.265 0.0 0.000 0.0 0.000 
3.200 -0.16b 0.0 0.000 0.0 0.000 
3.230 -0.0G3 0.0 0.000 0.0 0.000 
3.300 0.033 0.0 0.000 0.0 0.000 
3.330 0.133 0.0 0.000 0.0 0.000 
3.400 0.233 0.0 0.000 0.0 0.000 
3.430 0.333 0.0 0.000 0.0 0.000 
3.500 0.433 0.0 0.000 0.0 0.000 
3.330 0.333 30.7 1.067 30.7 1.067 
3.600 0.633 69.9 2.42B 39.2 1.361 
3.630 0.733 112.B 3.919 42.9 1.491 
3.700 0.633 13G.7 3.313 43.9 1.393 
3.750 0.933 20B.B 7.232 50.0 1.736 
3.BOO 1.035 261.3 9.076 52.6 1.B26 
3.B50 1.135 315.2 10.931 53.9 1.B72 
3.900 1.235 370.2 12.660 55.0 1.910 
3.930 1.335 4:6.4 14.fill 3G.2 1.951 
4.000 1.435 4B2.E IB.763 56.2 1.932 \-m urn m M IYA m 
4.150 1.735 E54.1 22.721 56.7 1.D70 
4.200 1.835 710.4 24.679 56.4 1.950 
4.250 1.935 766.6 2E.63E 56.3 1.957 
4.300 2.035 623.7 26.612 56.9 1.976 
m ?:i3l IS?:? ftiff &§ m 
4.430 2.335 994.9 34.359 57.B 2.000 
4.500 2.435 1052.4 36.559 57.6 1.B99 
4.SM 2.535 1106.6 39.517 56.4 1.95B 
4.600 2.635 116C.4 40.320 57.7 2.O03 
4.650 2.735 1224.3 42.529 57.b 2.009 
4.700 2.035 12B2.5 44.551 56.2 2.022 
4.750 2.935 1342.1 4E.620 39.6 2.069 
4.600 3.035 1399.4 4B.E12 37.3 1.992 
4.B50 3.135 1456.0 50.57B 36.6 1.9C6 
4.900 3.235 1511.2 S2.49C 53.2 1.917 
4.950 3.335 1565.4 54.379 54.2 1.BB3 
5.000 3.435 1619.7 56.264 54.3 1.BB3 
5,050 3.535 1671.6 56.074 52.1 I.BIO 
3.100 3.635 1723.0 39.654 31.2 1.760 
5.150 3.735 1772.3 61.564 49.2 1.710 
3.200 3.635 1816.6 63.173 46.3 1.609 
PHI PSI WEIGHT cum I FKUU FREOU X 
5.250 3.935 1862.8 64.713 44.3 1.340 
5.300 4.033 1905.2 66.184 42.3 1.471 
3.350 4.135 1946.2 67.605 40.9 1.421 
5.400 4.235 1SB6.I 66.992 39.9 1.387 
5.450 4.335 2025.0 70.343 38.9 I.3SI 
5.500 4.435 20C1.2 71.600 3E.2 1.257 
3.550 4.535 20SC.9 72.842 35.7 1.242 
5.600 4.635 2129.7 73.982 32.8 1.140 
5.630 4.735 2160.B 73.062 31.1 1.079 
3.700 4.635 2191.7 76.134 30.8 1.073 
5.750 4.935 2221.4 77.165 29.7 1.031 
3.600 5.035 Z249.7 76.150 28.4 0.9BS 
3.B50 5.133 Z277.2 79.104 27.3 0.954 
5.900 5.235 2304.0 BO.036 26. B 0.932 
5.950 5.335 2329.7 BO.928 25.7 0.892 
6.000 3.433 2354.1 81.777 24.5 0.830 
6.050 3.535 2377.4 62.567 23.3 0.610 
6.100 3.635 2400.6 83.393 23.2 0.606 
6.150' 3.735 2422.5 84.151 21.8 0.738 
6.200 S.B33 2444.5 B4.917 22.0 0.766 
E.2S0 3.935 2465.4 BS.641 20.6 0.724 
6.300 6.035 24B4.7 B6.3I1 19.3 0.671 
6.350 6.135 2502.7 BE.840 18.1 0.E28 
6.400 6.235 2519.4 B7.517 16.6 0.577 
6.450 6.335 2536.7 BB.1I9 17.3 0.602 
6.500 6.435 2552.2 B8.E5G 15.3 0.337 
6.530 6.535 2567.7 69.195 15.3 0.339 
6.6O0 6.633 2582.7 B9.716 15.0 0.321 
6.630 6.735 2596.0 90.249 13.4 0.534 
6,700 6.B35 2611.9 90.730 13.8 0.481 
E.750 6.935 2626.2 91.226 14.3 0.496 
6.BOO 7.035 2640.1 91.713 14.0 0.465 
E.050 7.135 2654.1 92.196 13.9 0.4B3 
E.9uO 7.235 2667.8 92.B7B 13.8 0.4B3 
6.930 7.335 2680.5 93.113 12.6 0.437 
7.000 7.435 2693.6 93.568 13.0 0.453 
7.050 7.335 2703.9 93.92B 10.4 O.360 
7.100 7.635 2715.7 94.336 11.8 0.408 
7.150 7.735 2727.3 94.740 II.6 0.404 
7.2UO 7.B35 2736.3 95.122 11.0 0.3B2 
7.250 7.935 2740.7 95.484 10.4 0.362 
7.300 8.035 2759.5 95.B5B 10.7 0.373 
7.330 B.135 2770.3 96.232 10.a 0.373 
7.400 B.235 277B.0 96.502 7.6 0.270 
7.450 B.33S 2768.2 9C.B54 10.1 0.332 
7.500 B.435 2798.4 97.211 10.3 0.357 
7.530 B.535 2U09.2 97.585 10.8 0.374 
7.600 B.B35 2B20.3 97.970 II.1 0.305 
7.630 
7.700 
B.73S 2830.5 SB.327 
99.690 
10.3 0.35G 
0.635 2841.0 IO.S 0.363 
7.730 B.935 2849.7 96.992 B.7 0.302 
7.600 3.035 2860.3 99.3G1 10. E 0.368 
7.B30 9.135 2069.E 99.682 9.2 0.320 
7.900 9.235 2B76.7 100.000 8.2 0.318 
7.9S0 8.335 2S7B.7 100.000 0.0 0.000 
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APPENDIX 4A   (continued) 
CRUISE TT1E2 SAMPLE C3-7 
PHI PSI mi cm cum t FKEOU FNEOM X PHI PSI HEIGHT cut* X 
2.500 -1.565 0.0 0.000 0.0 0.000 5.250 3.335 1791.0 57.943 
2.550 -1.465 0.0 . 0.000 0.0 0.000 5.300 4.03} 1030.6 59.1M 2.600 -1.365 0.0 0.000 0.0 0.000 5.350 4.135 IB85.4 65.997 
2.£50 -1.265 0.0 0.000 0.0 0.000 J-JW <•%£ Jg^J-J |H=' 2.700 -I.IE5 0.0 0.000 0.0 0.000 J.«« J-"5 1979.4 64.035 
2.7SO -1.065 0.0 0.000 0.0 0.000 5-*$ «-«3| fcg|5*i |i * 2|S 
2.000 -0.965 0.0 0.000 0.0 o.ooo 5-"°, H3J i°fH 11'1?2 
2.BS0 -0.BE5 0.0 0.000 0.0 0.000 H°* J-fE § 1H SHE 
2.900 -0.765 0.0 0.000 0.0 0.000 '•§?» J'Z^ 2 5?-! SS'gS 2.950 -0.665 0.0 0.000 0.0 O.OOO »'Z°° «'g| |'?}-0 ".979 
3.000 -0.665 0.0 0.000 0.0 0.000 H22 2'SS ?S&-0 Zv,?? 
3.050 -0.465 0.0 0.000 0.0 0.000 5■g?S 5-°2| JSS-l Z3/3 ? 3.100 -0.365 0.0 0.000 0.0 0.000 S'S?* HS aXj'2 Zf'ZJ' 
3.150 -0.265 0.0 0.000 0.0 0.000 J-*^ H3I IT/B"? 7E-9]I 3.2<» -0.165 0.0 0.000 0.0 O.OOO »•*>« '-^ i?XS*i ZS'KX 3.250 -0.065 0.0 0.000 0.0 O.OOO f-°™ *•«£ 2J2J-J ZH™ 3.300 0.035 0.0 0.000 0.0 0.000 S-0'° "IS 2J2J-2 ZHH 3.350 0.135 o.o o.ooo o.o o.ooo HSS J'Sfi ?}§?•! 2§-?|i 
3.400 0.235 0.0 0.000 0.0 0.000 §•!**.. 5'£? 2J8H 19-ZH 
3.450 0.335 0.0 0.000 0.0 0.000 f'jJS J-|8 jgiH IJ'MS S-fSg 8-Jg ,8'S g-«g2 «•§ 0.000 |.250 5935 Z550 9 jj    526 
3.650 0.735 73.5 2.379 33.3 1.079 f-jSg fig fljij'S 85*552 
3.700 0.835 110.5 3.574 36.S 1.195 g 500 6 435 2667 3 B6'9* 3.750 0.935 150.4 4.967 40.0 1.293 | SSO 6'S35 26B0'3 IflooS 
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0.332 10.3 0.332 
1.301 29.9 0.96U 




7.920 47.8 1.547 
9.404 49.0 I.5B5 
11.038 50.5 1.634 
12.707 51.6 1.669 
14.342 50.5 1.635 
15.9112 50.7 1.640 
17.663 52.0 1.661 
19.419 54.3 1.756 
21.219 55.6 I.SOO 
23.056 S6.il 1.B36 
24.897 56.6 1.B3I 
26.753 57.7 1.BE6 
28.642 SB.4 1.009 
30.534 5B.5 1.B92 
32.466 59.7 1.932 
34.399 59.B 1.333 
36.357 60.5 I.95B 
39.234 59.9 1.936 
40.226 59.7 1.933 
42.120 .59.5 I.B94 
43.959 56.8 I.B39 
45.B47 5B.3 1.007 
47.6B8 56.9 I.B4I 
49.463 54.9 1.776 
51.245 55.1 1.731 
52.999 54.2 1.753 
54.702 52.7 1.705 
56.350 50.9 1.640 
3-|»g •>» 241.7 .B .B . 6.B50 6.735 2732.5 BB.400 3.900 1.235 290.7 . 6.7oo ElB35 2752.6 89.050 3.950 1.335 341.2 g ,$ | jg 37729 B9 709 4.000 1.435 332.B j S 7035 77917 Sm 
4.050 1.535 443.3 g'SK V?5 Jai39 91  035 4.100 1.635 494.0 I U g'EX ,,£ Smti h 1   TO? 4.150 1.735 546.0 l.bOi g-ffi0, hill lEi-l SH°.i 
4.200 1.635 600.3 V%l2, I'iS jSS-S -fc'Sf? 
4.250 1.935 655.9 O l-9.fi Z-"5 1521*3 ivjf 
4.300 2.035 712.7 56.11 Z'VJX irv, 3SS.il BTBCC 4.350 2.135 769.3 .BB 1 ?• ?S Z-SS SgM'f 13•Kg 
4.400 2.235 B27.0 i'igS i'LS im 1 «* 954 4.450 2.335 805.3 5 Z'sH Z'SS SlS"] £•??! 
4.500 2.435 943.0 Z-g? ,?S »«nj «'oil 4.550 2.535 l5o5.5 '-325 |-?35 ;§"•» gf-iZ? 4.600 2.E35 10E3.3 . 59. . '-J" B.135 2975.9 96.273 
4.650 2.735 1123.0 1. 6 '•♦»» fi-£S 2-j"'-" gf-Sjl 4.700 2.B35 IIB3.7 B. 9 . . Z/<" g.335 2999.7 97.046 
4.750 2.935 1243.4 Z'JK S-J3J SSiJ-' |Z'J" 
4.BOO 3.035 1301.9 Z'JS 2'£5 :££;< Ikni 
4.B50 3.135 135B.B .B 1. Vgft a'735 3047  1 90500 
4.900 3.235 1417.1 . fc'oo 8.835 3056.8 9a"B94 
4.950 3.335 1474.0 7 750 B §33 3065Is 99 172 
5.000 3.435 I52B.9 7.BOO 9.035 3074.3 99.460 
5.050 3.535 ISB4.0 7,050 9.135 3081.8 99.700 
5.100 3.635 1630.2 7.BOO 9.235 3067.3 99.060 
5.150 3.735 1690.9 7,950 S.333 3091.0 100.000 
5.200 3.833 1741.B       "
























































APPENDIX 4A   (continued) 
CMJISC MB201A SAMPLE C4-7 
PHI KSi ueiCHT cunn i Fkcau FRIG*; t PHI PGI HEIGHT cum x 
l-^°, "!*5^ S'S i-PS S-S Ji-Spo 5.250 3.335 ,9,5., 6,.7,4 2.550 -   .465 0.0 0.000 0.0 O.OUO 5.300 4.035 1338.I 66.165 
2.600 -1.365 0.0 •  0.000 0.0 0.000 j^jg 4  ,35 gg| 3 67 5;, 
2.B50 -1.2C5 0.0 0.000 0.0 0.000 5 400 4^35 2036.8 EB.B2C 
2.700 -1.165 0.0 0.000 0.0 0.000 S13SS 4 335 2074 6 70 T03 
2.750 -1.0G5 0.0 0.000 O.O 0.000 5  5l)0 4 jit 2110 3 71  308 
2.BOO -0.9G5 0.0 0.000 0.0 0.000 5J50 .  I'Aii in" 7 72:473 
I.B50 -0.6B5 0.0 0.000 0.0 0.000 ..goo 4.535 2176.7 73.553 
2.900 -0.7B5 0.0 0.000 0.0 0.000 5.C50 4.733 2207.5 74.594 
2.350 -0.663 0.0 0.000 0.0 0.000 5.700 4.835 2238.0 75.B24 
3.000 -0.3B5 0.0 0.000 0.0 0.000 5.750 4.935 226B.1 7B.641 
3.050 -0.4B5 0.0 0.000 0.0 0.000 5.600 5.035 2296.0 77.564 
3.100 -0.365 0.0 0.000 0.0 0.000 5.B50 5.135 2322.B 7B.4BB 
3.150 -0.2B5 0.0 0.000 0.0 0.000 3.900 5.235 2348.6 79.362 
3.200 -0.165 0.0 0.000 0.0 0.000 5.350 5.335 2374.1 80.222 
3.250 -0.065 0.0 O.OuO 0.0 0.000 6.000 5.435 2398,9 BI.U&2 
3-2fS %•"% 2-2 2-g*jo °-° 8"°JS 6.0S0 5.53; 24:2.8 BI.BSD 3.350 0.135 0.0 0.000 0.0 0.000 gjoo 5.G3S 2447.0 82.60S 
3.4U0 0.235 20.3 0.EB4 10.3 0.664 6!l5Q 51735 246616 B3.4I5 
3.450 0.335 4B.2 1.630 2B.0 0.945 6.200 5.635 2490.1 84.144 
3.500 0.435 7B.B 2.663 30.6 1.033 6.250 5.335 2511.4 64.862 
3.550 0.535 112.8 3.BII 34.0 • 1.I4B 6.3V0 E.03S 2530.9 85.523 
3.600 0.635 143.B S.O60 37.0 1.249 £.350 '      6.135 2550.2 86.174 
3.E50 0.735 190.E E.442 40.9 1.382 6.400 6.235 2570.3 86.854 
3.700 0.B35 236.0 7.973 43.4 1.533 6.450 6.335 2583.7 67.SOB 
3.750 0.935 264.1 9.601 46.1 1.E25 6.500 6.435 2608.0 88.128 
3.800 1.035 333.7 11.273 49.6 1.673 6.330 6.535 2E2C.4 88.743 
3.B50 I.135 3BS.4 13.025 51.B 1.749 6.GOO 6.635 2644.2 B9.349 
3.900 1.235 438.5 I4.B17 53.0 1.792 6.650 6.735 2661.4 89.930 
3.950 1.335 432.1 16.627 33.6 1.810 6.700 6.835 2676.0 90.432 
4.000 1.435 346.0 IB.443 53.9 1.822 B./50 6.933 2696.0 91.100 
4.030 1.535 601.7 20.331 55.7 1.BB2 6.600 7.035 2714.2 91.715 
4.100 1.633 65t3.4 22.246 3b.7 I.915 6.630 7.135 2729.7 92.240 
4.150 1.735 713.1 24.163 5C.7 1.916 6.300 7.235 2746.2 32.798 
4.200 I.B33 771.6 26.074 36.6 1.911 K.SJO 7.335 2761.B 93.324 
4.250 1.335 B26.0 27.97B 5G.4 1.304 7,000 7.435 2776.2 33.810 
4.300 2.035 893.7 29.863 55.B 1.884 7.05O 7.535 2791.0 94.309 
4.350 2.135 940.3 31.773 56.5 1.910 7.100 7 635 2606 2 94.824 
4.400 2.235 398.7 33.746 58.4 1.974 7.,50 7.735 2D20.3 95.306 
i-450 '335 1056.6 35.703 57.9 1.357 7i2u0 7.835 2U35.4 95.BIO 
4.500 2.435 1    4.1 37.G47 57,5 1.944 7.-,50 7.335 2843.3 36.281 
4.550 2.535 1171.9 33.600 57.6 1.333 J'MJX B 035 286*2 SC 715 
4.600 2.635 1229.6 41.530 57.7 I.B50 ]$g § ?g f$g J $ [Bg 
4.650 2.735 12BE.B 43.476 57.0 1.325 7400 B 235 2BB5 2 97.494 
4.700 2.835 1342.7 45.372 56.1 1.897 7.450 8.335 2B96.6 37.B78 
4.750 2.935 1393.7 47.238 57.0 1.325 7.500 8.435 2907.0 98.230 
4.800 3.035 1457.3 49.243 57.6 1.345 7.330 8.535 2916.3 38.333 
4.350 3.135 1313.4 51.139 56.1 I.B97 7.600 6.635 2924.3 96.620 
4.900 3.235 1566.5 53.002 55.1 I.B63 7.E50 B.735 2931.1 39.044 
4.950 3.335 1621.3 54.784 52.7 1.792 7.7..0 6.835 2936.6 39.230 
3 000 3.435 1673.5 56.549 52.2 I.765 7.730 B.935 2941.7 93.404 
S030 sisM 72S.6 SB.308 52.1 1.753 7.B00 3.035 2346.4 99.562 
5.100 3.635 1776.0 60.012 30.4 1.704 7.850 9.135 <3S2.B B9.776 
5.150 3.735 1B24.0 61.B3E 46.I .$24             .       ?.3o0 9.23| 2959.4 00.000 
«  i.vi 1 a-K itnn 1 B.1.J0I 4G.3 1.363 7.330 9.JJ3 2939.4 100.000 3!200 3ia33        1870.4        63.201 46.3 1.365 

























































APPENDIX 4A (continued) 
CBUISC MB010A SAMPLE Cl-Q 
PHI PSI HEIGHT amn i fRttw FAEOM X PHI PSI HEIGHT curtt 1 rinau ntou i 
2.500 -I.53S 0.0 0.000 0.0 0.000 5.250 3.904 IG73.4 52.525 53.9 1.692 
2.550 -1.496 0.0 -0.000 0.0 0.000 5.300 4.004 1726.I 54.178 5?.7 I.B53 
2.BOO -1.396 0.0 0.000 0.0 0.000 5.350 4.104 177B.4 35.BIZ 52.4 1.643 
2.650 -1.29G 0.0 0.000 0.0 0.000 5.400 4.204 1B29.2 57.415 50.7 1.593 
2.700 -1.196 0.0 0.000 0.0 0.000 5.450 4.304 1878.3 5B.95B 49.2 1.343 
2.750 -I.09G 0.0 0.000 0.0 0.000 5.300 4.404 I92E.0 60.452 47.E 1.485 
2.BOO -0.996 0.0 0.000 0.0 0.000 3.550 4.504 1971.0 EI.B65 45.0 1.413 
2.U50 -0.896 0.0 0.000 0.0 0.000 3.600 4.604 2015.2 E3.254 44.2 1.389 
2.900 -0.796 0.0 0.000 0.0 0.000 3.650 4.704 2038.8 B4.E23 43.E 1.369 
2.930 -0.696 0.0 0.000 0.0 0.000 5.700 4.904 2101.3 83.961 42.E I.33B 
3.000 -0.596 0.0 0.000 0.0 0.000 5.750 4.904 2142.B E7.260 41.4 1.299 
3.030 -0.496 0.0 0.000 0.0 0.000 5.BOO 5.004 2193.0 EB.521 40.2 I.2E1 
3.100 -0.396 0.0 0.000 0.0 0.000 5.850 3.104 2220.9 69.708 37.8 1.187 
3.150 -0.296 0.0 0.000 0.0 0.000 5.900 5.204 2257.6 70.882 36.7 1.133 
3.200 -0.196 0.0 0.000 0.0 0.000 5.950 3.304 2292.E 71.961 33.0 1.099 
3.230 -0.096 0.0 0.000 U.O 0.000 6.000 3.404 2326.4 73.023 33.8 1.061 
3.J00 0.004 U.O 0.000 0.0 0.000 6.030 3.504 2359.5 74.061 33.1 1.039 
3.350 0.104 0.0 0.000 0.0 0.000 6.100 3.604 2390.E 75.037 31.1 0.97E 
3.400 0.204 0.0 0.000 0.0 0.000 6.130 "      3.704 2421.3 76.000 30.7 0.964 
3.450 0.304 8.5 0.268 B.5 0.2BB 6.200 5.804 2450.5 76.916 29.2 0.913 
3.500 0.404 33.9 1.060 25.2 0.792 6.250 3.904 2477.7 77.770 27.2 0.B55 
3.350 0.504 57.2 1.796 23.5 0.736 6.300 6.004 2307.3 78.698 29.6 0.928 
3.600 0.604 83.1 2.608 25.9 0.812 E.350 E.I04 2336.0 79.600 28.7 0.902 
3.ES0 0.704 109.2 3.429 2E.I 0.820 6.400 E.204 2SE3.E B0.4EE 27.6 0.866 
3.700 0.804 138.0 4.332 2B.8 0.904 6.450 6.304 2590.5 81.312 26.9 0.846 
3.730 0.904 169.8 5.299 30.B 0.967 6.500 E.404 2617.5 82.138 26.9 0.846 
3.800 1.004 201.B 6.333 32.9 1.033 8.330 E.504 2643.5 92.974 26.0 0.817 
3.850 1.104 233.8 7.402 34.1 1.069 6.600 E.604 2670.2 83.813 26.7 0.839 
3 900 1.204 271.5 B.522 35.7 1.120 6.650 6.704 2698.7 84.708 28.3 0.893 
3.950 1.304 309.4 B.7I2 37.9 1.190 6.700 6.804 2725.B B5.330 2B.8 0.B42 
4 000 1.404 347.9 10.920 38.5 1.208 6.750 6.904 2752.2 86.385 26.E 0.835 
4 050 1.504 386.9 12.144 39.0 1.224 6.800 7.004 2777.8 87.191 25.7 0.806 
4 100 1 604 426 3 13.382 39.5 1.238 E-oso 7.104 2BOI.4 87.931 23.6 0.739 
4 150 11704 469.9 14 74B 43.5 1.366 6.900 7.204 2B25.5 B8.BB7 24.1 0.736 
4.200 1.804 513.9 16.130 44.0 I.3U2 6.950 7.304 2851.0 89.487 25.3 0.801 
4 250 .904 559.1 17.54B 45.2 1.418 7.000 7.404 2673.1 90.180 22.1 0.693 
4 300 2004 606.6 19.040 47.5 1.491 7.050 7.504 2994.8 90.882 21.7 0.681 
4 330 2:i04 65418 20:S54 *b.2 l.lu 7.100 7.604 2913.0 91.433 18.3 0.574 
4.400 2.204 703.6 22.148 50.9 1.594 7.150 7.704 2928.5 91.920 13.4 0.483 
4 450 ? 304 758 9 23 919 53 2 671 7.2°° 7.804 2944.7 92.430 16.3 0.310 
4 500 5:404 813:9 25:545 55:5 1:7-6 7.250 7.904 295B.9 92.B75 14.2 0.445 
4.350 2.504 870.5 27.323 5U.6 1.778 7.300 8.004 2974.9 93.373 13.9 0.496 
4,600 2.604 927.8 29,120 57,3 1.79.' 7.330 B.104 2990.6 93.B69 13.8 0.496 
4.650 2.704 967.4 30.993 69.7 1.873 7.400 8.204 3003.2 94.32B 14.6 0.439 
4.700 2.804 1046.1 32.834 58.6 I.B41 7.450 B.304 3021.8 94.848 16.5 0.319 
4.730 2.904 1103.9 34.646 57.9 1.615 7.500 8.404 3036.4 93.308 14.7 0.461 
4.600 3.004 1)63.4 36.516 59.5 1.B6B 7.550 B.504 3050.9 95,761 14.4 0.433 
4.850 3.104 1221.6 39.343 58.2 1.B27 7.600 8.604 3067.B 96.292 16.9 0.330 
4.9vO 3.204 1278.2 40.122 56.7 1.779 7.650 B.704 30BS.5 96.972 21.7 0.6B1 
4 930 3.304 1336.9 41.963 59.6 1.841 7.700 B.B04 3112.3 87.688 22.B 0.716 
3 000 3 404 394 7 43 777 57 9 1.814 7.750 B.904 3133.6 96.357 21.3 0.668 
3 050 3 504 451 4 45 357 36 7 780 7.800 9.004 3150.8 98.897 17.2 0.540 
3 1W 3 604 506 1 47 338 56 7 791 7.850 8.104 3168.3 99.447 17.5 0.330 
3    30 3 704 564 2 49 098 56  I 760 7.900 8.204 3185.9 100.000 17.6 0.333 
5 200 3 804 619 5 50 833 55 3 735              '   7.950 9.304 3185.9 100.000 0.0 ' 0.000 
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CRUISE HB101A SAMPLE C2-8 
PHI PSI HEIGHT CWU1 I FRCQH FHEOW X PHI PSI HEIGHT CUtl X 
2.SOU -1.53G 0.0 0.000 0.0 0.000 5.250 3,904         1399.2 50.637 
2.550 -I.49G 0.0 .0.000 0.0 0.000 3.300 4.004         1452.5 52.568 
2.BOO -1.396 0.0 0.000 0.0 0.000 5.350 4.104         1504.4 34.446 
2.650 -1.296 0.0 0.000 0.0 0.000 5.400 4.204        1354.7 3B.2B5 
2.700 -1.196 0.0 0.000 0.0 0.000 5.450 4.304        IE04.3 5B.0S9 
2.750 -1.096 0.0 0.000 0.0 0.000 5.500 4.404         1651.6 59.774 
2.BOO -0.9% 0.0 0.000 0.0 0.000 5.550 4.504         1696.5 61.396 
2.B30 -0.89G 0.0 0.000 0.0 0.000 5.BOO 4.B04        1739.1 62.93B 
2.900 -0.7DE 0.0 0.000 0.0 0.000 5.650 4.704        177B.7 64.372 
2.950 -0.696 0.0 b.000 0.0 0.000 5.700 4.B04        1BI6.6 ES.744 
S.OuO -0.59C 0.0 0.000 0.0 0.000 5.750 4.904        1B53.2 67.069 
3.050 -0.496 0.0 0.000 0.0 0.000 5.BOO 5.004        IB87.4 6B.307 
3.100 -0.396 0.0 0.000 0.0 0.000 5.050 3.104         1919.2 63.456 
3.150 -0.296 0.0 0.000 0.0 G.000 5.300 5.204        1951.7 70.632 
3.200 -0.196 0.0 0.000 0.0 0.000 5.950 5.304         19B3.3 71.77B 
3.250 -0.096 0.0 0.000 0.0 0.000 G.OOO 5.404 2016.5 72.9B0 
3.300          0.004 0.0 0.000 0.0 0.000 6.050 5.504 204B.9 74.151 
3.350          0.104 0.0 0.000 0.0 0.000 6.100 5.E04 20B2.2 75.356 
3.400           0.204 0.0 0.000 0.0 0.000 6.150. 5.704 2114.1 76.511 
3.430 0.304 0.0 0.000 0.0 0.000 6.200   . 5.B04 2144.4 77.BOB 
3.500 0.404 0.0 0.000 0.0 0.000 B.250 5.904 2173.2 7B.630 
3.550 0.504 0.0 0.000 0.0 0.000 6.300 B.004 2201.0 79.657 
3.600 0.604 0.0 0.000 0.0 0.000 6.350    ' 6.104 2227.4 BO.611 
3.650 0.704 0.0 0.000 0.0 0.000 6.400 6.204 2254.6 61.597 
3.700 0.B04 0.0 0.000 0.0 0.000 6.450 6.304 22B2.9 B2.619 
3.750 0.904 2.6 0,096 2.B 0.096 6.500 6.404 230B.3 B3.S40 
3.BOO          1.004 33.5 1.213 30.9 1.117 6.550 6.504 2331.7 B4.3B6 
3.650          1.104 6C.I 2.393 32.fi 1.160 £.600 6.604 2354.2 B5.200 
3.900          1.204 99.7 3.609 33.E 1.216 g.BSO 6.704 2373.9 B5.3I4 
3.950          1.304 135.3 4.B98 35.E 1.2B9 f-?J» p.804 2337.4 66.763 
4.000          1.404 170.B 6.1B2 35.3 1.285 E.750 £.904 2418.9 B7.S42 
4.050          1.504 207.3 7.502 36.5 1.319 f-gOO 7.004 2439.8 BB.297 
4.luO          1.B04 245.2 B.B74 37.9 1.372 B.B50 7.104 2459.5 B9.013 
4.150          1.704 2B3.5 10.262 39.3 1.30B E>3<>0 ">-?°< 247B.5 BS.E26 
4:256          l.Bii 322.5 IKEK 5§:5 1.401 f.350 7.304 2496.2 90.338 
4.250 1.904 361.7 13.031 33.5 1.429 ?-«0? 7.404 2512.7 90.937 
4.300 2.004 401.9 14.346 40.2 1.454 ?-050 7.504 2526.0 91.418 
4.350 2.104 443.4 IB.047 41.5 1.502 *•  W '-§04 2540.6 91.947 
4.400 2.204 466.4 17.603 43.0 1.555 MW 7.704 2555.9 92.499 
4.450 2.304 531.6 19.239 45.2 1.636 T/;"0, //g^ SJgH il.h 
4.500 2.404 576.0 20.91B 46.4 I.6B0 ?•?»? 7.904 25B2.7 33.468 
4.550 2.304 62B.7 22.6B2 4B.7 1.764 7.30U B.004 2595.3 93.926 
4.BOO 2.E04 676.5 24.484 49.B 1.802 7-350 6.104 2607.2 94.355 
4.650 2.704 728.0 2E.349 51.5 I.BB4 7.400 B.204 2G17.9 34.743 
4.700 2.804 760.0 2B.223 52.0 l.BUO 7.450 B.304 2621!.6 95.132 
4.750 2.904 B35.2 30.225 33.2 1.336 7.500 B.404 2C42.7 95.642 
4.BOO 3.004 832.I 32.2B5 36.9 2.0C0 7.550 8.504 2654.1 96.055 
4.B50 3.104 949.1 34.349 57.0 2.064 '•§<» 6.604 2667.3 36.531 
4.900 3.204 1007. E 36.467 38.5 2.113 7.B50 8.704 2685.0 97.172 
4.950 3.304 10(14.9 38.341 37.3 2.074 '-'^ g.004 2700.6 37.737 
5.000 3.404 1121.3 40.573 56.3 2.038 '•"£ |-§o4 2715.4 3B.|72 
5.050 3.504 1177.3 42.607 56.0 2.02B '-^ g'°0< "M-g 3B.90S 
3.100 3.604 1233.2 44.630 55.3 2.023 7.B50 9.104 2749.B 93.517 
5.150 3.704 1288.5 46.632 55.3 2.001 '-3J0 g-?»J ?'". 00.000 
5.200 3.804 1344.4 48.656 33.9 2.024              •    7.330 8.304 27B3.1 100.000 
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APPENDIX 4A   (continued) 
CKU1SE T1I62 SAHPLE C3-B 
PHI PS I WIGHT CUnn I FRCUH FRCUW X 
2.500 -1.596 0.0 0.000 0.0 o.ooo 
2.550 -1.490 0.0 O.OuO 0.0 0.000 
2.6U0 -I.DUO 0.0 '0.000 0.0 0.000 
2.610 -I.29C 0.0 0.000 0.0 0.000 
2.700 -1.196 0.0 0.000 0.0 0.000 
2.750 -1.096 0.0 0.000 0.0 0.000 
2.BOO -0.996 0.0 0.000 0.0 0.000 
2.B50 -0.896 0.0 0.000 0.0 o.ooo 
2.900 -0.796 0.0 0.000 0.0 0.000 
2.330 -0.E9E 0.0 0.000 0.0 0.000 
3.000 -0.396 0.0 0.000 0.0 0.000 
3.020 -0.496 0.0 0.000 O.O 0.000 
3.100 -0.396 0.0 0.000 0.0 0.000 
3.ISO -0.296 0.0 0.000 0.0 0.000 
3.200 -0.196 0.0 0.000 0.0 0.000 
3.250 -0.056 0.0 0.000 0.0 O.OOO 
3.300 0.004 0.0 0.000 0.0 0.000 
3.330 0.104 0.0 0.000 0.0 0.000 
3.400 0.204 0.0 0.000 0.0 0.000 
3.430 0.304 0.0 0.000 0.0 O.OOO 
3.300 0.404 0.0 0.000 0.0 0,000 
3.330 0.304 0.0 0.000 0.0 0.000 
3.600 0.EO4 IB.2 0.329 IB.2 0.329 
3.C30 0.704 3B.0 I.102 19.B 0.374 
3.700 0.B04 Gl.l 1.770 23.1 0.6GB 
3.730 0.904 B7.7 2.541 26.6 0.771 
3.BOO 1.004 116.S 3.364 29.1 0.043 
3.030 1.104 I4E.3 4.243 29.7 0.BE1 
3.900 1.204 173.6 3.060 29.1 O.B42 
3.930 1.304 200.3 6.035 32.7 0.947 
4.000 1.404 239.6 6.942 31.3 0.907 
4.030 1.304 273.2 7.316 33.6 0.974 
4.100 1.604 307.1 6.900 34.0 0.9R4 
4.150 1.704 340.2 9.059 33.1 0.959 
4.2O0 I.BU4 373.0 10.667 34.B 1.008 
4.250 1.904 410.6 I1.B99 35.E 1 -.032 
4.300 2.004 447.2 12.95B 3L.5 1.059 
4.350 2.104 464.1 14.027 36.3 I.0G9 
4.400 2.204 523.1 I5.I5B 39.0 1.131 
4.450 2.304 564.6 16.361 41.5 1.203 
4.500 2.404 607.2 17.595 42.6 1.234 
4.550 2.304 £51.6 16.602 44.4 1.267 
4.600 2.604 696.5 20.IBI 44.B 1.299 
4.E50 2.704 742.2 21.507 45.7 1.325 
4.700 2.604 7B7.B 22.B2B • 45.6 1.321 
4.730 2.B04 633.9 24.163 46.1 1.335 
4.BOO 3.0U4 B79.4 25.462 45.5 1.319 
4.B30 3.104 925.3 26.BIG 46.1 1.335 
4.900 3.204 972.6 2B.1B3 47.2 1.366 
4.330 3.304 1020.3 29.564 47.7 1.3B1 
5.000 3.404 1067.7 30.937 47.4 1.374 
5.050 3.504 1115.6 32.326 47.9 I.3UB 
5.I0U 3.604 1163.7 33.720 48.I 1.395 
3.130 3.704 1212.7 35.141 49.0 1.420 
3.200 3.B04 1264.3 36.634 51.5 1.494 
PHI P6I HEIGHT cum X FREOM rnc.au x 
5.250 3.904 1317.7 311.103 53.3 1.549 
5.300 4.004 1371.5 39.742 53.0 1.539 
5.350 4.104 1425.3 41.299 53.7 1.337 
5.400 4.204 1477.9 42.B23 32.E 1.324 
5.450 4.304 1530.7 44.355 52. B 1.331 
5.500 4.404 I5B3.4 43.BB2 52.7 1.327 
5.350 ■4.304 I63B.0 47.4E3 54. E 1.5B1 
5.600 4.E04 1692.E 49.044 54.E 1.3BI 
5.650 4.704 1746.9 30.619 54.3 1.573 
5.700 4.904 1802.1 52.219 35.2 1.600 
5.750 4.904 1BS6.3 33.708 54.1 1.569 
3.800 3.004 1909.2 35.322 32.9 1.534 
5.B50 5.104 I960.2 36.799 51.0 1.477 
5.900 5.204 2012.3 5B.30B 32.1 1.309 
5.930 5.304 20E3.B 39.001 51.3 1.493 
6.000 5.404 2114.4 61.267 50. S 1.463 
6.050 3.504 2162.4 62.E5B 4B.0 1.391 
E. 100 3.604 2206.4 63.990 4E.0 1.333 
6.150   . •    5.704 2253.4 E5.294 45.0 1.304 
6.200 S.B04 2297.7 E6.SB0 44.4 1.263 
6.250 3.904 2340.9 67.831 43.2 1.231 
6.300 6.004 23B3.B 69.074 42.9 1.243 
6.350 E.I04 242B.O 70.354 44.2 1.280 
6.400 E.204 2471.1 71.603 43.1 1.230 
6.450 6.304 2312.0 72.787 40.9 1.184 
E.500 6.404 2551.7 73.940 39.0 1.132 
E.550 6.504 2SB3.6 75.036 37.8 1.096 
6.600 6.604 2627.2 76.120 37.7 1.092 
6.650 E.704 2664.8 77.216 37.6 I.OBB 
6.700 6.804 2703.0 78.324 3B.2 1.108 
6.750 6.904 2737.2 79.313 34.1 0.969 
6.600 7.004 2770.4 00.277 33.3 0.964 
E.B50 7.104 2B04.7 61.269 34.2 0.992 
G.900 7.204 2635.3 B2.I3E 30.6 0.BB6 
G.930 7.304 2664.0 82.987 2B.7 0.832 
7.000 7.404 2094.1 83.061 30.1 0.873 
7.050 7.504 2927.3 04.023 33.2 0.9E2 
7.100 7.604 2959.E B3.7SS 32.3 0.933 
7.150 7.704 2992.2 06.701 32.3 0.943 
7.200 7.B04 3024.4 B7.G36 32.3 0.933 
7.250 7.904 3057.1 SB.303 32.7 0.947 
7.300 6.004 3090.B 09.359 33.7 0.973 
7.350 B.104 3128.7 90.650 37.9 1.099 
7.400 B.204 3165.3 91.720 36.6 1.062 
7.450 B.304 3201.7 92.774 36.4 1.054 
7.500 B.404 3242.1 93.944 40.4 1.170 
7.330 8.504 327B.7 94.947 34.E 1.003 
7.600 B.604 3307.9 95.851 31.2 0.804 
7.650 8.704 3335.9 96.661 27.9 0.810 
7.700 B.B04 3361.9 97.4IG 26.0 0.755 
7.750 B.904 33B5.9 90.110 24.0 0.E9S 
7. BOO 9.004 3406.3 98.702 20.4 0.392 
7.B50 8.104 3423.4 99.196 17.1 0.495 
7.900 9.204 343G.4 99.373 13.0 0.376 
7.950 8.304 3431.1 100.000 14.7 0.427 
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CSU15C U(J20IA SAflPlC C4-B 
PHI P5I HEIGHT cunn I FKCUX FfcEOW X PHI PSI HEIGHT 
2.500 -I.396 0.0 0.000 0,0 0.000 5.250 3.904 1618.1 
2.550 -1.496 0.0 ,  0.000 0.0 0.000 5.300 4.004 1657.3 
2.500 -1.396 0.0 0.000 0.0 0.000 5.350 4.104 1695.4 
2.C50 -1.296 0.0 0.000 0.0 0.0(0 5,400 4.204 1734.2 
2.700 -1.I9G 0.0 0.000 0.0 0.000 3.450 4.304 1771.3 
2.750 -1.096 0.0 0.000 0.0 0.000 5.300 4.404 1006.0 
2.BOO -0.996 0.0 0.000 0.0 0.000 3.550 '  4.304 1037.7 
2.050 -0.B9G 0.0 0.000 0.0 0.000 !•£?$ <-<j°* JjjgS'i 
2.900 -0.796 0.0 O.OOu 0.0 O.OuO J-|?0 J-'SJ iS?I*2 
2.950 -0.6% 0.0 0.000 0.0 0.000 |-'2X i'L.J oil ? 
3.000 -0.396 0.0 0.000 0.0 0.000 ?•'" J'=xJ llS'l 
3.030 -0.496 0.0 0.000 0.0 0.000 J-9™ ?-°?2 {an,? 
3.100 -0.396 0.0 0.000 0.0 0.000 I'S™ ?'1?J \nili 
3.150 -0.296 0.0 0.000 0.0 0.000 I'vSS, ? nSi *?rm i 
3.200 -0.196 0.0 0.000 0.0 0.000 |-{£X I404 2060S 
3.250 -0.096 0.0 0.000 0.0 0.000 |*2?9 I'lV. 5ftqS, 
3.300 0.UO4 0.0 0.000 0.0 0.000 ■•?*• 3'5SJ ?7?i 1 
3.350 0.104 3.9 0.144 3.9 0.144 S-'ffi 3/S°J |}!3-2 
3.400 0.204 24.9 0.930 21.0 0.7B3 £-'?°- 2'ZS2 5  7n 7 3.450 0.JU4 49.0 I.BJO 24.1 0.901 °'J™ '•«« * /°-7, 
3.500 0.404 76.C 2.0b0 27.6 1.030 £•-?<> 5.904 'I*-' 
3.550 0.504 IW..5 3.976 29.9 1.115 g-*$ f-^* ?"i'' 
3.600 0.604 139. D 5.223 33.4 1.249 »•«<> ■•!*} ?!'}!•'} 
3.650 0.704 173.9 6.491 34.0 1.26B S-JK S'iSJ iSftne 
3.700 0.B04 210.9 7.B72 37.0 I.3BI jj'ijffi S'?°J InSs'i 
3.750 0.904 249.7 9.321 3fl.B 1.449 f-?°9 S'JSJ SSS'i 
3.BOO 1.004 290.6 10.B49 40.9 I.52B *•»?» °'5" i-K'S 
3.B30 1.104 333.7 12.436 43.1 1.607 S'SSS S'KJ Soj 3 
3.900 1.204 37B.2 14.IIS 44.5 1.662 ■■■5' ■•Z»J SffJ'S 
3.930 1.304 422.7 13.770 44.5 i.660 I'ZJX |'|SJ ^•? 
4.000 1.404 4C7.4 17.449 44.6 1.671 
4.030 1.304 313.3 19.161 45.9 1.712 
?-SS !-KJ S5-I ;5-?rg ii-2 }-S? 6.750 1:904 2437:1 
U au j la iDi 3 a i /i* c itsn 7~im 7j7n'n 
4.IO0 I.604 35B.7 20.S54 43.4 1.693 S'°?° MSJ Sjis t 
4.150 1.704 604.0 22.346 45.3 1.692 S'=H Z/i»< iJjH 
4.200 1.604 649.4 24.241 45.4 1.695 §•»? i'SJ SAS'S 4.250 1.904 694.6 25.9.'B 45.2 I.6B7 Z/^O 7.4U4 .S4..B 
4.300 2.004 740.9 27.656 46.3 1.72B '•05« '-ggj ?"3.4 
4.350 2.104 7UB.9 29.449 4B.0 1.793 Z/Ji* ^iftj 2557;? 
2370.'3 
4:560 2:464 933:6 34:059 4i;3 J;B62 $•&? ^-gxj Sio'o 
4.550 2.504 9U4.3 36.744 50.5 I.BB5 VSK g'VXj 26041 
4.700 2.B04 1120.6 42.130 4B.2 1.798 M?J> g'J*J ,|??, 
4.750 2.904 1176.6 43.923 4B.0 1.793 Z-JJO g-JOj ?Iiv2 
4.000 3.004 1224.6 45.714 4B.0 1.791 '•*"' 0,:'04 *"'•» 
4.050 3.104 1271.5 47.465 46.9 1.731 
4.900 3.204 1313.7 49.113 44.2 1.649 
4.930 3.304 1350.7 30.721 43.0 1.607 , /JU „ =1,, in„ _ 
3.000 3.404 1403.0 32.403 45.0 1.602 i'lfi S"o04 2676*7 
3.050 3.304 1447.7 34.042 43.9 1.639 Vgg §;\o4 2670:0 
5.100 3.604 1491.0 55.657 43.3 1.615 7900 9 '04 2678 B 
3.150 3.704 1333.6 S7.24B 42.6 1.391              .    7350 9 304 2670 B 





























































cum z FREOtf FR£QM X 
60.403 40.6 1.517 
61.668 39.2 1.463 
B3.2B9 38.1 1.421 
64.736 38.0 1.447 
66.130 37.3 1,394 
67.4IB 34.3 I.2B7 
60.600 31.7 1.163 
69.662 28.4 1.061 
70.653 26.3 0.991 
71.665 27.1 1.012 
72.356 23.9 0.B91 
73.458 24.2 0.902 
74.387 24.9 0.929 
75.226 22.5 0.633 
76.043 21.9 O.BIO 
76.921 23.3 0.877 
77.067 25.3 0.946 
78.892 27.4 1.024 
79.995 29.6 1.103 
81.033 27.0 1.038 
02.000 25.9 0.968 
82.973 26.1 0.973 
83.932 25.7 0.959 
84.896 25.B 0.964 
BS.BB1 26.4 0.883 
86.908 27.5 1.026 
87.837 24.9 0.930 
B8.580 19.9 0.742 
89.374 21.3 0.794 
90.2B9 24.3 0.916 
90.974 18.3 O.EBS 
91.744 20.6 0.770 
92.504 20.4 0.760 
93.142 17.1 0.638 
93.729 13.7 0.SB7 
94.168 II. B 0.439 
94.569 10.8 0.402 
94.975 10.9 0.406 
95.468 13.2 0.492 
95.949 12.9 0.481 
96.329 10.2 0.360 
96.605 9.3 0.3SE 
97.209 14.0 0.324 
97.666 12.3 0.457 
87.992 0.7 0.326 
9B.373 10.3 0.383 
90.821 11.9 0.44E 
99.239 11.2 0.418 
99.fa02 9.7 0.363 
99.733 3.5 0.131 
99,831 2.E O.OBS 
99,920 2.4 0.009 
100.000 2.1 0.000 
too.000 0.0 O.OOO 
100.000 0.0 0.000 
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WUIBE U80IIM 6/WLE Cl-fl 
PHI PS1 ME1CNT am X FREOU FKF.0H I 
2.300 -J.563 0.0 0.000 0.0 O.OOO 
2.330 -I.4E5 0.0 ■  0.000 0.0 0.000 
2.600 -1.365 0.0 0.000 0.0 0.000 
2.630 -1.263 0.0 0.000 0.0 0.000 
2.700 -1.165 0.0 0.000 0.0 0.000 
2.730 -1.063 0.0 0.000 0.0 0.000 
2.800 -0.965 0.0 o.ooo 0.0 0.000 
2.630 -0.B6S 0.0 0,000 0.0 0.000 
2.900 -0.765 0.0 o.ooo 0.0 0.000 
2.930 -0.663 0.0 0.000 0.0 0.000 
3.000 -0.365 0.0 0.000 0.0 0.000 
3.030 -0.465 0.0 o.ooo 0.0 0.000 
3.100 -0.365 0.0 0.000 0.0 0.000 
3.150 -0.265 0.0 0.000 0.0 0.000 
3.200 -0.163 0.0 o.ooo o.o 0.000 
3.250 -0.063 0.0 0.000 0.0 o.ooo 
3.300 0.035 0.0 0.000 0.0 0.000 
1:1® m u 8:888 8:8 8:888 
3.430 0.333 0.0 0.000 0.0 0.000 
3.300 0.433 0.0 o.ooo 0.0 0.000 
3.350 0.333 0.0 0.000 0.0 0.000 
3,600 0.635 0.0 o.ooo 0.0 0.000 
3.630 0.735 23.9 0.B01 23.9 0.901 
3.700 0.633 34.3 1.617 30.3 1.016 
3.730 0.935 86.7 2.903 32.4 1.066 
3. BOO 1.035 122.2 4.092 35,3 1.169 
3.650 1.135 160.2 3.365 39.0 1.274 
3.900 1.233 201.6 6.751 41.4 1.386 
3.930 1.333 244.0 8.171 42.4 1.420 
4.000 1.435 280.5 9.659 44.4 1.48B 
4.030 1.535 336.0 11.232 47.6 1.393 
4.100 1.633 385. B 12.911 49.6 1.659 
4.130 1.735 436.3 14.616 50.9 1.706 
4.200 1.635 486.6 16.360 52.1 1.743 
4.230 1.933 542.2 18.156 33.7 1.797 
4.300 2.035 595.7 13.946 53.4 1.790 
4.330 2.133 649.6 21.751 53.9 1.B03 
4.400 2.233 703.3 23.531 53.7 1.799 
4.450 2.333 737.3 25.364 34.1 1.813 
4.300 2.435 B12.0 27.190 54.3 1.826 
4.350 2.535 664.9 28.962 32.9 1.772 
4.600 2.633 916.2 30.746 53.3 1.784 
4.650 2.733 971.2 32.520 53.0 1.774 
4.700 2.835 1024.4 34.303 33.3 1.784 
4.730 2.933 1076.9 36.056 32.4 1.733 
4.800 3.035 1129.6 37.623 32.7 1.765 
4.650 3.135 1182.7 39.602 53.1 1.779 
4.900 3.233 1235.6 41.381 33.1 1.779 
4.950 3.333 1269.3 43.171 53.3 1.790 
3.000 3.435 1342.9 44.967 53.6 1.796 
5.050 3.535 139C.I 46.747 53.1 1.779 
5.100 3.635 1449.7 46.344 53.7 1.798 
5.150 3.733 1304.3 30.370 54.5 1.626 
3.200 3.633 1358.2 32.177 33.8 1.606 
P6I HEIGHT cum X FREOM FRCOM X 
3.935 1612.7 34.000 34.4 1.823 
4.035 1663.7 33.774 33.0 1.774 
4.133 1721.3 57.645 33.B 1.871 
4.233 1775.8 39.463 34.4 1.821 
4.333 1929.3 61.259 33.6 1.794 
4.435 1882.7 63.043 53.3 I.7B4 
4.533 1934.1 64.764 31.4 1.721 
4.633 1981.7 66.358 47.8 1.394 
4.733 2025.B 67.637 44.2 1.460 
4.635 2066.9 69.210 41.0 1.372 
4.935 2106.3 70.336 39.6 1.327 
5.035 2143.5 71.773 37.0 1.238 
5.133 2I7S.3 72.872 35.7 1.197 
3.233 2211.3 74.033 32.3 1.061 
3.335 2242.3 75.081 30.7 I.02B 
5.435 2269.6 75.997 27.3 0.916 
3.533 2296.3 7G.B64 2B.9 0.B67 
3.635 2327.3 
2337.3 
77.829 2B.B 0.965 
3.735 78.933 30.0 1.006 
3.633 2389.6 60.013 32.3 1.090 
3.935 241B.I 80.970 28.3 0.955 




2490.9 13.18 23.8 23.1 0.797 0.772 
0.787 2314.4 84.193 23.3 
6.435 2540.2 83.059 23.6 0.B66 
E.333 2563.3 B3.B33 23.1 0.774 
6.635 23B6.2 66.399 22.9 0.766 
6.733 2606.5 87.276 20.2 0.677 
6.635 2627.5 67.982 21.1 0.706 
6.933 2649.4 86.713 21.8 0.731 
.7,033.. ...2670.1 _ _B9JI9_ -.-21.1  _S*2M_ 
7.135 2691.9 80.137 Z1.4 0.718 
7.235 2717.1 90.961 23.2 0.843 
7.333 2737.8 91.674 20.7 0.682 
7.435 2737.7 92.342 20.0 0.66B 
7.333 2777.3 93.004 19.8 0.662 
7.633 2797.4 93.669 19.6 0.664 
7.735 26IB.B 84.363 21.4 0.717 
7.835 2837.2 95.002 18.4 0.616 
7.835 2855.2 93.604 1B.0 0.603 
8.035 2B7I.0 96.133 15.8 0.331 
8.133 2886.6 86.723 17.6 0.386 
8.233 2903.6 97.227 13.0 0.304 
B.335 291B.O 97.710 14.4 0.483 
8.435 2930.9 96.141 12.9 0.432 
S:2S 2942.9 2952.6 96.543 12.0 0.401 96.867 9.7 0.324 
6.733 2959.5 99.093 6.8 0.232 
6.633 2963.6 99.301 6.0 0.202 
6.933 2973.7 89.372 6.1 0.272 
9.033 2979.4 89.764 3.7 0.182 
9.135 2964.3 99.933 3.1 0.170 
9.233 2964.3 89.933 0.0 0.000 
6.335 2966.4 100.000 1.9 0.063 
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CRUISE   M8I01A BMIPU C2-3 
PHI PS1 HEIGHT cuwi i FREOW FREQH X 
2.500 -1.565 0.0 0.000 0.0 0.000 
2.350 -1.463 0.0 ,  0.000 0.0 0.000 
2. BOO -1.365 0.0 0.000 0.0 0.000 
2.E50 -1.265 0.0 0.000 0.0 0.000 
2.700 -1.IE3 0.0 o.ooo 0.0 0.000 
2.750 -1.063 0.0 0.000 0.0 0.000 








0.0 0.0 o.ooo 
2.950 -0.665 0.0 0.000 0.0 0.000 
3.000 -0.563 0.0 o.ooo 0.0 0.000 
3.030 -0.465 0.0 0.000 0.0 0.000 
3.100 -0.365 0.0 0.000 o.o 0.000 
3.150 -0.265 0.0 o.ooo o.o 0.000 
3.200 -0.163 0.0 o.ooo 0.0 0.000 
3.250 -0.063 0.0 0.000 0.0 0.000 
3.300 0.035 0.0 0.000 o.o o.ooo 
3.350 0.135 0.0 0.000 0.0 0.000 
3.400 0.233 0.0 0.000 0.0 0.000 
3.430 0.333 0.0 0.000 0.0 0.000 
3.500 0.433 0.0 0.000 0.0 0.000 
3.550 0.533 0.0 0.000 0.0 o.ooo 
3.600 0.633 0.0 0.000 0.0 o.ooo 
3.ES0 0.735 4.7 0.139 4.7 0.139 
3.700 0.B3S 23.3 0.747 20.6 0.606 
3.730 0.935 4B.2 1.423 22.B 0.676 
3.BOO 1.035 74.3 2.193 26.1 0.770 
3.B30 1.133 101.6 3.000 27.3 0.B07 
3.900 1.235 131.3- 3.B78 29.7 0.B7B 
3.950 1.333 163.4 4.BB4 34.0 1.006 
4.000 1.435 200.9 3.932 35.3 1.04B 
4.050 1.535 239.6 7.061 3B.9 1.149 
4.100 1.635 279.2 6.246 33.4 1.163 
4.130 1.735 321.6 9.49B 42.4 1.232 
4.200 I.B33 367.4 I0.B30 43.8 1.332 
4.250 1.935 413.1 12.20) 43.7 1.331 
4.300 2.035 459.3 13.565 46.2 1.364 
4.350 2.135 507.3 14.961 48.0 1.416 
4.400 2.235 335.5 16.406 4B.3 1.425 
4.450 2.335 604.9 I7.B65 48.4 1.458 
4.500 2.435 633.6 19.361 50.7 1.496 
4.550 2.535 706.5 20.BG4 30.9 1.503 
4.600 2.633 739.7 22.436 53.2 1.373 
4.650 2.735 614.3 24.055 54.6 1.619 
4.700 2.635 870.5 25.706 56.0 1.653 
4.750   ■ 2.935 927.5 27.392 57.0 I.6B4 
4.BOO 3.035 964.0 29.059 36.3 I.66B 
4.B50 3.133 1044.3 30.B4B 60.6 1.78B 
4.900 3.233 1106.0 32.663 61.3 1.BI6 
4.B50 3.333 1167.9 34.4BI 61.9 1.627 
3.000 3.435 1230.e 36.349 62.9 I.BSB 
5.050 3.535 1293.0 36.184 62.1 I.B33 
3.100 3.635 1354.1 39.930 61.1 1.B06 
5. ISO 3.735 1414.a 41.784 60.7 1.794 
3.200 3.B3S 1475.1 43.364 SO.3 1.7*0 
PHI PSI UE1GHT CUWI X FREQU FREOW X 
S:I58 Ull lii?:i 8:iB ftg i:W 
3.330 4.133 I64B.4 46.6BI 37.4 1.696 
3.400 4.235 1704.9 50.331 56. E 1.670 
3.450 4.335 1760.0 51.876 35.0 1.625 
5.500 4.435 1B13.7 33.364 33.B 1.5B8 
3.330 '4.333 IB6B.3 33.1B3 34.B 1.616 
3.600 4.635 1920.9 36.730 32.4 1.346 
3.630 4.733 1973.3 38.341 34.3 1.611 
5.700 4.833 2030.3 SB.966 33.0 I.B23 
5.750 4.935 2062.6 61.306 32.1 1.338 
5.BOO 5.035 2135.2 63.059 32.6 1.353 
S.B30 5.135 2106.3 64.373 31.3 1.514 
5.900 5.233 2235.7 66.026 49.2 1.453 
3.350 3.335 2282.3 67.409 46.B 1.363 
6.000 5.433 2326.6 68.769 46.0 1.360 
6.050 3.535 2372.7 70.072 44.1 1.304 
6.100 3.635 2416.6 71.369 43.B 1.206 
6.150" 3.735 2457.9 72.586 41.3 1.220 
6.200 5.835 2499.7 73.822 41.6 1.234 
6.250 S.B3S 2539.S 75.009 40.2 1.IB7 
6.300    . 6.035 2576.9 76.101 37.0 1.093 
6.350 6.135 2613.6 77.196 36.7 1.003 
6.400 6.235 2650.3 78.276 36.3 1.090 
6.450 6.335 26B5.7 78.313 33.2 1.039 
6.500 6.435 2721.2 80.364 35.3 1.049 
6.550 6.535 2734.a 61.356 33.6 0.994 
6.600 6.633 2787.3 62.321 32.6 0.963 
6.630 6.735 2820.1 83.284 32.6 8.963 
6.700 6.B33 2B32.0 64.227 31.9 0.943 
6.750 6.835 2864.0 83.173 32.0 0.B46 
6.600 7.035 2913.9 B6.0S3 29.9 0.B63 
6.B50 7.135 2941.0 BE.853 27.1 0.800 
6.900 7.233 2970.1 B7.71S 29.1 0.860 
6.350 7.335 3000.3 88.605 30.2 0.B31 
7.000 7.435 3026.4 B9.377 26.1 0.772 
7.050 7.535 3053.7 90.183 27.3 0.806 
7.100 7.635 3074.4 90.795 20.7 0.612 
7.150 7.735 3099.6 91.540 23.2 0.743 
7.200 7.835 3120.5 92.138 20.9 0.61B 
7.250 7.935 3138.8 92.697 IB.3 0.339 
7.300 B.03S 3138.1 93.266 16.3 0.569 
7.350 B.I3S 3176.2 93.B0I IB.l 0.333 
7.400 B.233 3193.9 94.383 19.7 0.382 
7.430 6.335 3213.7 94.967 19.B 0.584 
7.500 6.433 3233.8 93.503 IB.l 0.336 
7.550 8.535 3248.4 95.963 13.6 0.461 
7.600 6.635 3269.7 96.564 20.3 0.601 
7.650 6.735 32BB.S 97.118 1B.B 0.554 
7.700 B.B33 3304.6 B7.600 16.3 0.4B2 
7.730 B.933 331B.I 97.991 13.2 0.391 
7.800 8.035 3329.7 9B.334 II.6 0.343 
7.B50 9.135 3341.9 96.691 12.1 0.357 
7.900 9.235 3350.5 96.948 8.7 0.237 
7.950 8.335 3386.1 100.000 35.6 1.032 
152 
APPENDIX 4A   (continued) 









































































































































































cum i FREOW FREQU X 
0.000 0.0 0.000 
•   0.000 0.0 0.000 
o.ooo 0.0 0.000 
0.000 0.0 0.000 
0.000 0.0 0.000 
0,000 0.0 0.000 
0.000 0.0 O.OOO 
0.000 0.0 0.000 
0.000 0.0 0.000 
0.000 0.0 0.000 
0.000 0.0 0.000 
o.ooo 0.0 0.000 
o.ooo 0.0 0.000 
0.000 0.0 0.000 
0.000 0.0 o.ooo 
0.000 0.0 0.000 
o.ooo 0.0 0.000 
o.ooo 0.0 0.000 
0.000 o.o 0.000 
0.000 0.0 0.000 
o.ooo 0.0 0.000 
0,000 0.0 0.000 
0.377 11.4 0.377 
1.131 22.8 0.735 
1.923 23.9 0.782 
2.7B3 25.4 0.840 
3.B4B 2E.7 0.BB4 
4.574 28.0 0.927 
5.570 30.1 0.996 
E.E24 31.8 1.054 
7.747 33.9 1.124 
B.8G5 33. B I.1IB 
10.047 35.7 1.182 
11.284 37.3 1.237 
12.557 38.5 1.273 
I3.B49 39.0 1.292 
13.181 40.2 1.332 
16.559 41.E 1.376 
17.955 42.2 1.397 
19.416 44.1 1.4E2 
20.B72 44.0 1.455 
22.321 43.8 1.449 
23.B21 45.3 1.500 
25.372 46.9 1.531 
26.907 46.4 1.535 
2B.462 4B.9 1.554 
30.061 •48.3 1.600 
31.711 49.B 1.B49 
33.370 30.1 1.660 
33.014 49.7 1.644 
36.706 31.1 I.B92 
38.422 SI.B 1.716 
40.222 34.4 1.9O0 
42.051 35.2 1.029 
43.BB3 55.4 1.B34 
PHI PBI HEIGHT CUM X FKDU FREOH X 
3.230 3.935 1381.0 43.727 55. a 1.842 
3.300 4.035 I43E.8 47.376 53.6 I.B4B 
3.330 4.135 1492.7 49.423 35.8 1.B47 
m 4.235 4.335 1347.5 1601.9 53!042 54.9 54.4 1.BI7 1.602 
3.300 4.435 1635.6 54.BIS 53.7 1.777 
3.550 '  4.535 I70B.9 S6.5B3 33.3 I.7E3 
S.600 4.635 1739.7 3B.2GE SO.a I.E83 
5.650 4.735 1B08.0 38.863 48.2 1.387 
5.700 4.B33 1834.5 El.404 46.5 I.S4I 
5.750 4.935 1B99.B 62.903 43.3 1.499 
5.BOO 5.035 1944.5 64.384 44.7 1.482 
5.B50 5.135 1988.B BS.B42 44.0 I.43B 
5.900 5.235 2031.2 67.256 42.7 1.413 
5.950 5.335 2073.2 68.645 41.9 1.369 
6.000 5.435 2114.5 70.011 41.3 1.367 
B.050 3.333 2154.7 71.343 40.2 1.332 
6.100 3.635 2194.2 72.ESI 39.5 1.308 
6.150" 5.735 2233.3 73.947 39.2 1.297 
6.200 3.B33 2273.B 75.2B2 40.3 1.333 
l-M IM £318:3 M M hill 
E.3S0 E.I3S 2384.E 78.957 35.3 1.174 
6.400 E.23S 2419.1 BO.100 34.3 1.143 
E.450 E.33S 2452.4 81.200 33.2 1.100 
6.300 6.435 24B4.9 82.278 32.3 1.078 
8.550 E.33S 2517.3 83.350 32.4 1.072 
6.600 B.E3S 254B.4 B4.360 31.1 1.030 
B.E50 E.73S 2379.E BS.412 31.2 1.033 
-E.700— _ 6.B33-- "2610.4- —86:433" —aors— —l.OiO 
E.7S0 6.935 2B39.7 87.404 29.3 0.871 
6.600 7.033 2BEE.7 B8.298 27.0 0,894 
B.B50 7.135 2693.G 88.168 26.9 0.890 
E.900 7.235 2721.0 90.095 27.4 0.808 
E.950 7.335 2746.2 90.928 25.2 0.833 
7.000 7.435 276B.8 9I.E7B 22.E 0.749 
7.050 7.535 2790.9 92.40B 22.1 0.732 
7.100 7.635 2BI2.2 93.114 21.3 0.706 
7.150 7.735 2B30.B 93.731 IB. E 0.E17 
7.200 7.B33 2648.0 94.298 17.1 0.568 
7.250 7.933 2863.2 84.602 15.2 0.304 
7.300 B.03S 267E.8 93.234 13.7 0.432 
7.350 B.13S 2891.0 93.723 14.2 0.4B9 
7.400 B.235 2903.1 96.122 12.1 0.399 
7.450 8.335 2914.6 96.305 II. B 0.383 
7.500 B.435 2923.B 9S.B73 11.2 0.370 
7.550 B.S35 2937.7 37.268 II.8 0.393 
7.BOO 8.633 2949.4 87.656 11.7 0.388 
7.650 B.735 2959.7 97.997 10.3 0.341 
7.700 B.B3S 2970.8 88.363 II.1 0.36B 
7.750 B.935 29B3.0 98.771 12.3 0.40E 
7.BOO B. 035 2995.9 89.195 12.8 0.424 
7.B50 9.135 3006.2 89.BOS 12.4 0.410 
7.900 B.235 3020.2 100.000 II.a 0.383 
7.B30 8.335 3020.2 100.000 0.0 0.000 
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CRUISE UB201A SAMPLE C4-9 
PHI PS I HEIGHT cunn i FREW FREIW 1 
2.500 -1.396 0.0 0.000 0.0 0,000 
2.350 -1.496 0.0 '  0.000 0.0 0.000 
2.E00 -1.39E 0.0 0.000 0.0 0.000 
2.630 -1.296 0.0 o.ooo 0.0 0.000 
2.700 -1.136 0.0 0.000 0.0 0.000 
2.750 -1.096 0.0 0.000 0.0 0.000 
2.600 -0.996 0.0 0.000 0.0 0.000 
2.BS0 -0.Q96 0.0 o.ooo 0.0 0.000 
2.900 -0.796 
-0.696 u 0.000 0.000 8:8 0.000 2.950 o.ooo 
3.000 -0.596 H o.ooo 0.0 o.ooo 3.050 -0.496 0.000 0.0 0.000 
3.100 -0.396 0.0 0.000 0.0 o.ooo 
3.150 -0.296 0.0 0.000 0.0 0.000 
3.200 -0.196 0.0 0.000 0.0 0.000 
3.250 -0.096 0.0 0.000 o.o 0.000 
3.300 0.004 0.0 0.000 0.0 0.000 
3.350 0.104 0.0 0.000 o.o 0.000 
3.400 0.204 0.0 0.000 0.0 0.000 
3.430 0.304 0.0 0.000 0.0 0.000 
3.500 0.404 0.0 0.000 o.o 0.000 
3.330 0.304 12.4 0.375 12.4 0.373 
3.600 0.604 42.4 I.2B3 30.0 0.907 
3.630 0.704 74.6 2.25B 32.2 0.973 
3.700 0.B04 I0B.4 3.279 33.7 1.020 
3.730 0.904 144.2 4.361 35. B 1.083 
3. BOO 1.004 1B2.2 5.313 36.1 1.132 
3.B30 1.104 222.4 6.730 40.2 1.216 
3.900 1.204 265.3 B.032 43.0 1.302 
3.930 1.304 310.3 9.3B7 44. B 1.335 
4.000 1.404 356.5 I0.7B7 46.3 1.400 
i:W 1:81 tiM I3:$M 4B.B 30.4 1.475 1.326 
4.150 1.704 507.7 13.361 32.0 1.373 
4.200 1.B04 360.7 16.962 32.9 1.601 
4.250 1.904 615.0 10.606 34.3 1.644 
4.300 2.004 670.1 20.274 35.1 I.S6B 
4.350 2.104 726.5 2I.97B 56.3 1.704 
4.400 2.704 762.7 23.6B0 56.3 1.702 
4.430 2.304 639.9 23.40B 37.2 1.729 
4.500 2.404 B37.B 27.164 38.0 1.754 
4.330 2.504 956.0 2B.921 5B.I I.7SB 
4.600 2.604 1013.7 30.6GB 57.7 1.746 
4.E30 2.704 1071.4 32.413 57.7 1.743 
4.700 2.B04 1129.0 34.15B 37.7 1.743 
4.750 2.904 1167.0 35.912 38.0 1.734 
4.BOO 3.004 1245.2 37.672 56.2 1.761 
4.B50 3.104 1303.5 3S.435 SB.3 1.763 
4.900 3.204 1361.9 41.202 SB.4 1.767 
4.950 3.304 1420.0 42.960 SB.I 1.758 
3.000 3.404 1477.B 44.710 57.B 1.730 
3.030 3.504 1534.9 46.436 37.0 1.726 
3.100 3.604 1591.4 4B.145 56.5 1.709 
3.130 3.704 1649.7 49.909 SB.3 1.764 











































































































































































































































































































































APPENDIX 4A   (continued) 
rrn PSI HEIGHT CUM x 
2.300 -1.396 0.0 0.000 
2.330 -I.49E 0.0 •   0.000 
2.BOO -1.396 0.0 0.000 
2.650 -1.296 0.0 0.000 
2.700 -1.196 0.0 0.000 
2.730 -1.096 0.0 0.000 
2.BOO -0.996 0.0 0.000 
2.630 -0.896 0.0 0.000 
2.800 -0.796 0.0 0.000 
2.930 -0.E96 0.0 0.000 
3.000 -0.396 0.0 0.000 
3.030 -0.496 0.0 0.000 
3.100 -0.396 0.0 0.000 
3.150 -0.296 0.0 0.000 
3.200 -0.186 0.0 0.000 
3.250 -0.096 0.0 0,000 
3.300 0.004 0.0 0,000 
3.330 0.104 0.0 0.000 
3.400 0.204 0.0 0.000 
3.450 0.304 0.0 0.000 
3.500 0.404 0.0 0.000 
3.330 0.304 0.0 0.000 
3.600 0.604 E.I 0.1D7 
3.650 0.704 31.9 0.973 
3.700 0.BO4 El.3 I.BED 
3.730 0.904 92.1 2.BOB 
3.BOO 1.004 124.6 3.799 
3.B50 1.104 1E3.3 4.979 
3.900 1.204 204.2 6.227 
3.950 1.304 246.0 7.500 
4.000 1.404 294.0 B.9E6 
4.050 1.304 340.4 10.379 
4.100 1.604 390.4 11.903 
4.150 1.704 443.8 13.533 
4.200 I.B04 497.6 13.172 
4.250 1.904 551.5 16.616 
4.300 2.004 604.7 18.440 
4.350 2.104 6EI.1 20.160 
4.400 2.204 719.8 21.949 
4.450 2.304 775.7 23.653 
4.500 2.404 829.8 25.304 
4.550 2.504 886.3 27.027 
4.600 2.604 942.8 26.746 
4.630 2.704 995.6 30.339 
4.700 2.B04 1050.5 32.034 
4.750 2.904 1103.7 33.636 
4.800 3.004 1139.9 33.370 
4.BS0 3.104 1216.2 37.067 
4.900 3.204 1273.2 3B.B23 
4.950 3.304 I32B.6 40.314 
5.000 3.404 I3B2.0 42.141 
5.050 3.504 1438.1 43.853 
5.100 3.604 1495.5 43.602 
3.130 3.704 1330.3 47.272 
3.200 3.604 1603.4 4B.892 
CRUISE M8010A SAMPLE CI-IO 
























































•HI KI HEIGHT cunn i FREQU FREDM X 
S.2S0 3.804 IE3E.0 50.496 52.E 1.604 
5.300 4.004 1707.B 32.069 31.6 1.373 
5.330 4.104 1756.4 33.559 48.9 1.480 
3.400 4.204 1804.5 3S.02E 49.1 •1.466 
5.450 4.304 1852.9 
1900.9 
56.502 48.4 I.47B 
3.500 4.404 57.963 47.9 I.4EI 
3.550 ' 4.504 194B.3 38.416 47.6 1.432 
5.600 4.604 1998.9 E0.933 50.4 1.338 
3.650 4.704 2043.6 B2.317 44.7 I.3E4 
5.700 4.804 20B9.4 63.711 43.7 1.394 
5.750 4.904 2137.6 65.183 4B.3 1.472 
3.BOO 5.004 2184.4 EE.E09 46.7 1.423 
3.850 3.104 2231.4 68.043 47.1 1.433 
5.900 3.204 2276.B 69.42B 45.4 1.383 
3.950 3.304 23IB.7 70.706 41.9 1.278 
6.000 5.404 2360.1 71.967 41.4 I.2G2 
6.030 5.504 2401.3 73.225 41.2 1.23B 
m- i:Bi 2440.6 2478.7 74.422 73.383 39.3 39.1 I.IB7 1.161 
6.200 5.B04 23IB.2 76.787 39.3 1.204 
6.250 5.904 2559.3 76.04B 41.3 1.2EI 
l:3S8 im SS!:f ma m I:O!B7 
6.400 E.204 2669.7 8I.40B 37.6 1.146 
6.450 £.304 2706.5 B2.329 36.7 1.120 
6.500 E.404 2743.1 83.646 36.6 1.117 
E.330 6.504 2779.B 84.766 36.7 1.120 
6. BOO E.604 2812.7 83.768 32.8 1.001 
6.650 E.704 2B44.8 86.749 32.2 0.981 
6.700 
6.730 
E.B04 2B7B.0 B7.759 33.1 1.011 
"6;904 * 2808.6" "88;632~ 30 .T 0.933 
6. BOO 7.004 2933.9 89.463 25.3 0.771 
6.BS0 7.104 2960.0 90.260 26.1 0.797 
6.900 7.204 298E.0 91.053 2E.0 0.794 
6.950 7.304 3012.1 91.B47 26.0 0.734 
7.000 7.404 3032.9 92.484 20.9 0.E3E 
7.050 7.504 3054.3 93.135 21.4 0.631 
7.100 7.604 3079.2 93.895 24.9 0.760 
7.150 7.704 3099.B 94.523 20.6 0.626 
7.200 7.804 3123.0 85.231 23.2 0.708 
7.250 7.804 3143.8 95.063 20.7 0.S32 
7.300 8.004 3165.8 96.537 22.1 0.674 
7.350 8.104 31B4.0 97.091 IB.2 0.354 




8.404 lllkl 98.271 98.731 \U 0.337 0.480 
7.530 8.304 3230.7 99.124 12.2 0.373. 
7.600 B.E04 3261.3 89.449 10.E 0.324 
7.650 8.704 3267.2 99.627 3.B 0.179 
7.700 B.B04 3269.3 
3274.3 
99.699 2.3 0.071 
0.146 7.750 B.B04 99.645 4.B 
7.800 9.004 3277.3 99.934 2.8 0.069 
7.850 9.104 3277.3 99.934 0.0 0.000 
7.900 8.204 3277.3 99.834 0.0 0.000 
7.830 9.304 3279.4 100.000 2.2 0.06S 
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APPENDIX 4A   (continued) 
CRUISE U8I0IA MAPLE CZ-IO 
tK™ p?'c,0 *l«Hl CTJL fK^n F^* ™ K1 *IGMT n« * FK» F«* * 2.300 -1.67B 0.0 0.000 0.0 0.000 5.230 3.872 1333.4 42.B2B 43.S 1.380 
2.330 -1.328 0.0 , 0.000 0.0 0.000 3.300 3.872 1400.3 44.334 43.1 1.428 
2.BOO -I.42B 0.0 0.000 0.0 0.000 3.330 4.072 I44E.E 43.BIE 4E.2 I.4E2 
2.E30 -I,328 0.0 0.000 0.0 0.000 3.400 4.172 I4S3.3 47.300 4B.B 1.483 
2.700 -1.228 0.0 0.000 0.0 0.000 3.430 4.272 1341.3 48.819 48.0 1.320 
2.730 -1,128 0.0 0.000 0.0 0.000 3.300 4.372 1390.3 30.372 48.0 1.333 
2.BOO -1.02B 0.0 0.000 0.0 0.000 3.(30 • 4.472 1640.B 31.SEE 30.3 1.384 
2.830 -0.S2B 0.0 0.000 0.0 0.000 3.BOO 4.372 1694.3 33.E39 33.3 1.893 
7.900 -0.B7B 0.0 0.000 0.0 0.000 3.E30 4.E72 1747.3 53.339 33.0 1.680 
2.959 -2-228 °.8 0.000 0.0 6.OOO 3.700 4.772 1799.3 SB.992 32.2 I.B33 
3.506 -6.628 0.0 O.606 6.0 6.000 3.750 4.872 1B52.4 58.B6B 32.9 1.E77 
2-?*!2 *£•??£ 2-2 2-2°9 °-° 0,00° 5.B°° «-S'2 1903.9 EO.362 33.5 1.694 3.100 -0.42B 0.0 0.000 0.0 0.000 3.830 3.072 1938.8 B2.036 32.8 1.B74 
3-'SO -0.328 0.0 0.000 0.0 0.000 3.900 3.172 2010.0 B3.B57 51.2 1.621 
Hn --Mil 8:8 8:888 8:8 8:888 t-gg 3-$ maA g-|S J?1 i'ili 3.300 -0.028 0.0 0.000 0.0 0.000 |-°S2 HZ? | 2|#? If-7^ 44B 420 
a'So l-Vil 8'8 8'888 8-8 8-888 s™ "» "*'* "•'» «:S ':37B n'450 S'i?? o'o 8'888 8*8 8-S22 B.ISO' 5.B72 2238.2 70.BB3 42.6 I.34B 2«™ 2,4? 2-2 2-222 2*2 2-222 s.*oo 3.772 22B1.E 72.233 43.4 1.374 
HS2 2-??? 2-2 2-222 2-2 2-222 B-«o '•«" 2223.0 73.570 41.4 1.311 3.550 0.477 0.0 0.000 0.0 0.000 6.300 3.872 2365.7 74.923 .    42.7 1.334 
3-cJ2 2-??? ?-2 2-?S2 2-2 2-?22 s.aso 6.072 2403.9 76.197 40.2 1.273 
n'SK 2-§?? ™'? 2-«J -,\'l 2-iS 6-4°0 6.172 2442.9 77.36S 37.0 1.171 
l"??8 8"o« ?S-7 ?'?« IS"? g-121 E.430 6.272 7477.9 78.478 33.0 1.110 3.750 0.872 33.7 1.763 25.3 O.BOfi e *QQ e 372 2512.3 79 56B 34 4 1.090 S-S8 ?-OT1 I?S-9 ?-M3 i!-S ?-f8! B-"° " "* »«' ">:»» »• :??8 ?/£& -?Z? i?*A M5Z 3J-? •  ?? B.60O B.572 Z5B3.4 81.BM 36.0 1.141 S'SSS HZ? Hi't J-SZ? 2H J-iii B.BSO B.672 2672.3 83.038 37.2 1.177 
?•&? -?Z? 4S5-S S-2SZ 2H -S22 6.700 B.772 2B36.s B4.133 33.9 1.073 
4-050 -475 l?o'i B'MB RH * f i|? 6.730 B.B72 2E88.3 85.146 37.0 1.013 
1'JoO "372 Vil'l BIJ? 4o"s "IBS 6-800 B-97:; "IB-B K-l0° 30-1 O'634 4*  SO 'K77 Ma's !?'?& «'? *T?fl B-fl50 7.072 2750.4 87.108 31.8 1.008 
4208 777 MB'I I? BIO 44 6 ' 411 B-9°0 7.172 2779.0 88.012 28.6 0.904 
MsO '872 44' 7 4*028 JM 'los 6.950 7.272 2B0B.3 BB.942 29.4 0.B30 1'wn '«, JdS-i 3-?o? 4KB 1  12? 7.000 7.372 7B36.7 B9.B39 28.3 0.B87 J'299 i-fZ? 12?-J J5-224 1S-S J-ifc 7-oso 7.472 2864.8 90.731 28.2 0.992 
l'S2 ?'?Z? «I'i Z/SnZ IS"? 'I™ '.100 7-3" ZB8B.B 91.490 23.9 0.738 MSn i-iZ? ISA-? q-q?l «-Z -JZZ 7-'50 7.672 2908.2 82.105 1S.4 0.616 
M™ ?'?Z? cw'l if'5? «'? •«? 7.200 7.777 292B.I 87.737 19.8 0.631 
*-522 ?-iZI IZl-i ?i-n?Z «-n •«? '-250 7.B77 2947.7 93.335 19.3 0.618 
MS l-i.ll QV1 ?3,$if I?1? \'IU '•*» 7.877 2965.1 93.SOB 17.5 0.353 
MS8 i-fi7? BM'B «'OBO 1B"? -ill ■"•■»« B-07z 2983'4 B4-95' ZO-3 0.642 2iX8 »•«? SJS-S ?S'2J2 JH •'" 7.400 8.172 3006.1 93.206 20.7 0.635 
l'Z28 I'lll Sf f *2 ll-U? 1S-| -15? 7.450 8.277 3075.9 83.833 18.8 0.877 
1-Z52 ?•!?? lii-R S'TK «'S '«? 7.500 8.372 3043.7 86.387 17.8 0.365 4.800 2.872 959.8 30.390 45,0 1.425 7 350 o 472 30B2.8 97 002 18.1 0.803 
*-
BJZ 2-?Z? !2?J-i m-?22 !!•£ !-Ji? ? BOO n Sola o 97313 BI 0 SI I 4.900 3.177 1048.2 33.196 44.0 1.394 7,630 B.672 3094.3 97.999 13.3 0.48E 
4.930 3.777 1092.7 34.590 44.0 1.393 7.700 8.777 3109.7 88.4BE 15.4 0.487 
S.000 3.377 1135.5 35.962 43.3 1.377 7 750 (LBK 3175:7 88 997 IBIO 0.306 
5.030 3-j" '52-2 2Z-37? !M -J'2 "".BOO B.972 3137.1 99.354 11.4 0,352 3.100 3.572 1223.9 38.761 43.B 1.388 7.BS0 9.072 3144.7 99.398 7.7 0,243 
2-Igg 3.672 1267.2 40.134 43.4 1.374 7.900 9.172 3131.8 B9.B20 7.1 0.224 
3.20O 3.772 1311.8 41.346 44.B 1.412 7,830 8.272 3157.3 100.000 3.7 0.1BO 
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PHI PEI HEIGHT cum X 
2.300 -1.396 0.0 o.ooo 
2.330 -1.496 0.0 •0.000 
2.600 -1.396 0.0 0.000 
2.650 -1.296 0.0 0.000 
2.700 -1.196 0.0 0.000 
2.730 -1.096 0.0 0.000 
2.BOO -0.996 0.0 o.ooo 
2.830 -C.B96 0.0 0.000 
1.300 -0.796 0.0 o.ooo 
2.930 -0.696 0.0 0.000 
3.000 -0.596 0.0 0.000 
3.030 -0.496 0.0 0.000 
3.100 -0.396 0.0 0.000 
3.130 -0.296 0.0 0.000 
3.200 -0.196 0.0 0.000 
3.230 -0.096 0.0 0.000 
3.300 0.004 0.0 0.000 
3.330 0.104 0.0 0.000 
3.400 0.204 0.0 o.ooo 
3.450 0.304 0.0 0.000 
3.300 0.404 0.0 0.000 
3.330 0.504 0.0 0.000 
3. BOO 0.604 0.0 0.000 
3.ES0 0.704 5.E 0.167 
3.700 0.B04 36.0 1.074 
3.730 0.904 66.2 2.036 
3.BOO 1.004 103.1 3.075 
3.830 1.104 140.6 4.194 
3.900 1.204 179.7 5.360 
3.930 1.304 220.1 6.567 
4.000 1.404 262.5 7.B31 
4.030 1.504 306.6 9.147 
4.100 1.604 332.9 10.327 
4.130 1.704 401.5 11.977 
4.200 1.904 451.0 13.454 
4.250 1.904 502.0 I4.B75 
4.300 2.004 554.5 16.542 
4.330 2.104 607.9 16.136 
4.400 2.204 662.3 19.7SB 
4.450 2.304 716.2 21.427 
4.300 2.404 774.7 23.111 
4.350 2.304 B30.0 24.762 
4.600 2.604 BB4.B 26.397 
4.650 2.704 93B.6 28.002 
4.700 2.B04 993.5 29.638 
4.730 2.904 1047.4 31.247 
4.BOO 3.004 1101.6 32.BE4 
4.B50 3.104 1154.9 34.452 
4.900 3.204 1208.3 36.045 
4.950 3.304 1261.2 37.625 
3.000 3.404 1314.4 33.211 
3.050 3.504 1369.1 40.B44 
3.100 3.604 1421.9 42.420 
3.130 3.704 1475.2 44.010 
3.200 3.904 1S2B.4 45.625 
CRUISE iriE2 wirii C3-io 
























































PHI rsi HEIGHT Oft) X FREOH FREOH X 
5.230 3.904 ISB2.E 47.213 33.2 1.586 
3.300 4.004 1E33.E 4B.783 33.0 1.382 
3.330 4.104 1688.1 30.361 32.S I.3E6 
5.400 4.204 1741.4 3I.B3I 33.3 1.390 
5.450 4.304 1794.2 53.526 32.a 1.373 
3.500 4.404 1B47.E 35.120 53.4 1.394 
5.550 4.304 1900.0 56.681 32.3 1.561 
5. BOO 4.604 1932.1 38.236 32.1 1.333 
3.630 4.704 2003.1 59.756 31.0 1.320 
5.700 4.B04 2057.3 61.360 34.4 I.E24 
5.750 4.904 210S.B 62.909 31.3 I.32B 
5.BOO 3.004 2156.E E4.337 47.B I.42B 
S.B50 3.104 2203.9 63.743 47.3 1.412 
3.BOO 3.204 2250.0 67.123 46.1 1.374 
3.930 3.304 229G.3 B6.503 4E.3 1.382 
6.000 3.404 2339.9 69.B04 43.6 1.300 
6.030 3.504 23B2.I 71.064 42.2 1.260 
6.100 5.604 2424.1 72.3IB 42.0 1.233 
6.130- 5.704 2464.B 73.331 40.7 1.214 
6.200 S.B04 2504.9 74.726 40.1 1.183 
6.230 3.904 2543.9 75.890 39.0 1.163 
f:S8 i-m %M &m 3?:i I'M 6.400 6.204 2657.B 79.290 39.4 1.174 
E.4S0 E.304 2694.1 BO.371 36.2 1.081 
6.300 6.404 272B.2 81.389 34.1 1.018 
£.550 E.304 2760.6 B2.357 32.4 0.968 
6.600 6.604 2792.4 83.305 31.a 0.B48 6.650 6.704 2821.9 B4.1B3 29.4 0.B7B 6.700 6.B04 2B49.9 B3.02I 28.1 0.838 
•6.730- -».904- -2878.0" --W.B39- —■w;r- ■"•07838" 
6. BOO 7.004 2905.3 86.680 27.3 0.821 
6.BS0 7.104 2931.4 87.430 23.8 0.770 
6.900 7.204 2333.B B8.179 24.4 0.728 
6.350 7.304 2380.7 68.921 24.8 0.742 
7.000 7.404 3003.6 B9.6E3 23.0 0.744 
7.050 7.304 3027.6 90.320 21.9 0.655 
7.100 7.604 3049.3 90.969 21.8 0.650 
7.150 7.704 3071.6 91.633 22.3 0.688 
7.200 7.604 3093.4 92.2B4 21.8 0.649 
7.250 7.904 3117.2 82.894 23. a 0.708 
7.300 B.004 3139.2 83.651 22.0 0.E57 
7.350 B. 104 3161.4 94.313 22.2 0.662 
7.400 B.204 3I79.E 94.836 IB.2 0.543 
7.450 8.304 3199.1 33.438 18.3 0.582 
7.300 6.404 3219.9 96.058 20.a 0.620 
7.350 B. 504 323B.3 96.612 18.6 0.334 
7.600 B.604 3256.8 97.158 18.3 0.54E 
7.650 6.704 3279,7 87.811 21.8 0.633 
7.700 B.B04 3288.2 86.393 IB.S 0.5B4 
7.750 B.904 3312.8 98.828 14.3 0.433 
7.B00 9.004 3326.1 83.227 13.4 0.399 
7.930 9.104 3339.1 99.613 12.8 0.386 
7.900 B. 204 3352.0 100.000 13.0 0.387 
7.850 9.304 3352.0 100.000 0.0 0.000 
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PHI PSI HEIGHT 
2.500 -1.628 0.0 
Z.350 -I.32B 0.0 
2.E00 -I.4ZB 0.0 
2.650 -1.328 0.0 
2.700 -1.226 0.0 
2.750 -1.126 0.0 
2.600 -1.02B 0.0 
2.850 -0.928 0.0 
2.900 -0.B2B 0.0 





3.100 -0.426 0.0 
3.150 -0.328 0.0 
3.200 -0.228 0.0 
3.250 -0.I2B 0.0 
3.300 -0.02B 0.0 
3.350 0.072 1.0 
3.400 0.172 15.0 
3.450 0.272 29.4 
3.300 0.372 44.3 
3.950 0.472 62.6 
3.600 0.372 61.3 
3.E50 0.672 101.4 
3.700 0.772 123.3 
3.7S0 0.672 131.5 
3.600 0.972 ISO.9 
3.050 1.072 211.5 
3.900 1.172 242.3 
3.950 1.272 273.7 
4.000 1.372 306.1 
4.050 1.472 339.5 
4.100 1.572 374.4 
4.130 1.672 410.4 
4.200 1.772 446.6 
4.230 1.672 463.6 
4.300 1.372 321.0 
4.330 2.072 359.2 
4.400 2.172 399.1 
4.450 2.272 E3B.B 
4.500 2.372 680.0 
4.550 2.472 721.8 
4.600 2.372 763.1 
4.650 2.672 604.2 
4.700 2.772 646.3 
4.730 2.672 889.0 
4.600 2.372 932.2 
4.630 3.072 975.1 
4.900 3.172 1018.6 
4.930 3.272 1X1.2 
3.000 3.372 1103.7 
5.030 3.472 1147.1 
3.100 3.372 1169.S 
3.130 3.672 1233.3 
3.200 3.772 1277.6 
CRUISE M6201A 8MPLE C4-I0 
"'ITJL FBESW« FBE(W X W 'SI HEIGHT Cl»»1 I FREQH FREW I 0.000 0.0 0.000 5,250 3.B72 1321.3 42.637 43.7 1.416 
. 0.000 0.0 0.000 5.300 3.372 1363.2 44.233 43.B 1.422 
0.000 0.0 0.000 3.350 4.072 1410.3 43.721 43.1 1.462 
0.000 0.0 0.000 3.400 4.172 1456.6 47.223 46.4 1.303 
0.000 0.0 0.000 3.430 4.272 1304.3 46.773 47. B 1.330 
0.000 0.0 0.000 5.500 4.372 1352.6 30.334 46.1 1.336 
0.000 0.0 0.000 3.350 4.472 1601.3 31.314 4B.7 1.560 
0.000 0.0 0.000 3.600 4.372 1649.4 33.473 46.1 1.360 
0.000 0.0 0.000 3.630 4.672 16S7.4 33.030 48.0 1.333 
0.000 0.0 0.000 3.700 4.772 1745.9 36.601 48.3 1.371 
0.000 0.0 0.000 5.750 4.B72 1793.6 39.149 47.7 I.349 
0.000 0.0 0.000 5.800 4.972 IB4I.0 39.667 47.4 1.337 
0.000 0.0 0.000 3.BS0 5.072 1809.6 61.261 4B.6 1.373 
0.000 0.0 0.000 3.900 3.172 1836.1 62.769 46.3 1.306 
g-OOg 0.0 0.000 5.950 5.272 1980.7 64.213 44.B 1.446 
0-000 0.0 0.000 B.OOO 5.372 2023.7 65.609 43.0 1.394 
0.000 0.0 0.000 6.050 3.472 2067.3 67.021 43.6 1.412 
0.032 1.0 0.032 6.100 3.372 2112.8 66.497 43.3 1.476 
0.487 14.1 0.456 6.ISO- 3.672 2158.3 69.873 43.3 1.476 
0.954 14.4 0.467 6.200 5.772 2202.5 71.407 44.2 1.433 
1.456 13.5 0.302 6.250 5.672 2244.3 72.766 41.9 1.360 
2.029 17.7 0.572 6.300 5.S72 2284.2 74.032 38.7 1.2*6 
2.637 1B.B 0.606 E.350 6.072 2322.4 73.283 38.3 1.241 
3.2B7 20.0 0.630 6.400 6.172 2338.4 76.439 36.0 1.166 
4.061 23.9 0.774 6.450 6.272 2392.8 77.373 34.4 1.116 
4.911 26.2 0.830 E.500 6.377 2429.5 78.766 36.7 I.181 
iriii Itt °o-M\ tell IM 5$:? fl:8i ¥d 1:18 
7.675 31.4 I.01B E.650 6.672 2529.3 B2.020 30.8 0.998 
6.B72 30.6 0.997 6.700 6.772 25SB.3 82.939 2B.3 0.919 
9.923 32.4 1.051 6.750 6.B72 2587.4 B3.B84 29.2 0.946 
U'°°.I 3?'2 !'?S1 6.BOO 6.972 26IB.4 B4.BB7 30.8 1.003 
il'vS :£'S Hen B-B50 7.072 2647.4 85.B29 29.0 0.842 
li'Im ™'i "  5? 6.300 7.172 2673.0 86.724 27.6 0.B93 
5 EB5 So 'M 6-950 7.272 2702.4 87.611 27.4 0.867 
6891 372 1 20E 7.000 7.372 2731.9 B8.5B7 29.3 0.836 
p 3i 2 1MB '.050 7.472 2737.6 B9.402 23.8 0.033 
9 422 399 1 293 '-'00 7.372 27BI.2 90.168 23.6 0.763 
20709 397 12B7 7.150 7.672 2B03.3 90.834 24.3 0.786 
22045 (17 'TO 7.200 7.772 2823.2 91.723 23.7 0.76B 
23401 s 'is ?.2»0 7.872 2854.3 92.342 23.3 0.B19 
24740 4    3 i ™ 7.300 7.972 2879.3 93.34B 24.9 0.806 
26073 41   I t'rn 7.330 B.072 2901.5 84.063 22.1 0.717 
2743« 420 1 TK1 7.400 B.I72 2923.0 84.765 21.6 0.699 
?n*B« ii'a I*3S; 7.450 8.272 2945.4 83.491 22.4 0.726 ™??9 !?•§ !"™ 7.300 B.372 2966.2 86.164 20.8 0.673 
TVCT? i? a "32? 7.350 8.472 23B4.B B6.772 18.8 0.608 
V, •£;; i?« i'izl 7.600 B.372 3000.0 37.2B1 is.i O.4BS 33-022 43.5 1.409 7 BM 8.672 3016.1 87.783 16.1 0.322 34.404 42.6 1.382 7.700 B.772 3032.9 88.327 I6.B 0.344 
35.7B2 42.5 1.378 7.750 8.872 3043.1 98.63B 10.2 0.331 
37.190 «.< 1,409 7 BOO a S72 3051.9 98.943 8.B 0.2B3 
38.577 42.B 1.387 7.B50 3.072 3058.3 33.136 6.3 0.212 
33.983 43.3 1.403              -      7.900 8.172 3061.B 96.264 3.3 0.108 
41.421 44.4 1.438 7.850 9.272 3084.3 100.000 22.7 0.738 
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SETTLING TUBE DATA 
(B) Statistical data 
PHI SIZES AT PERCENT LEVELS CRUISE MB010A SAMPLE Cl-1 
l.V 3.734A 
5.-/. 4.339A 




Bh • X 5.B33A 
7b.7. 5.BB4A 
B«.* 6.222A 
9e... % 7.453A 
NUMBER OF HEIGHT SAMPLES =  110 
Fir.-iL SAMPLE HEIGHT = 1721. 
MOMENT MEASURES ... 
Ml 5.509B3B4 SKEWNESS     0.7B03B716 
M: 0.7371BOB0 KURTOSIS      3.7B89199 
MS 0.49144062 STD. DEO.    0.B5427701 
M4 2.027573B 
INMAN FOLK & HARD 
MEDIAN, ,... MDO     5.359342B MDO     5.3593426 
ME"M.., 
 HO      5.4771132 M2      5.437B5B7 
DISPERSION DO     0.7447993B DI     0.B4420395 
SMMMESS.. AO     0.15B12401 SKI    0.25132352 
A20    0.720202BB 
KLI-TOSIS.. BO      1.0904340 KG      1.3354117 
PN; SIZES AT PERCENT LEVELS CRUISE H8101A SAMPLE C2-1 
i.>; 4.039A 
5.'/. 4.335A 








NUMBER OF HEIGHT SAMPLES «=  110 
FINAL ! SAMPLE HEIGHT = 1B30. 
MOMENT MEASURES ... 
Ml 5.7B547K) SKEHNESS     0.24B7789B 
M2 0.86613154 KURTOSIS      2.253977B 
Mo 0.19952950 STD. DEV.    0.92599690 
M4 1.B739BB9 
1NMAN FOLK & HARD 
MEDIAN, ,... MDO 5.6897597 MDO     S.6B97597 
MEAN.., »••• nu 5.7B79376 MZ      5.755Z114 
DISPERSION DO 1.0112164 DI     0.971B6637 
SKLHNESS.. AO 0.970B891BE-01 SKI    0.10B46103 
A20    C M8233633 
KUF73SIS.. BO 0.5215B523 KG     0.91646957 
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25. V. 4.794A 
35.X 5.01BA 
so. y. 5.332A 
65. y. 5.674A 
75. •/. 5.960A 
B4.X E.322A 
S5.X 7.4B3A 
NLi'' 3ER OF HEIGHT SAMPLES =  110 
FINAL ! SAMPLE HEIGHT = 1795. 
MDf.SNT MEASURES ... 
R! 5.4B82030 SKEUNES5     0.6B109298 0.§9228392 KURTOSIS      3.0327995 
M3 0.57118726 STD. DEM.     0.939B72B6 
M 2.3904788 
IN1AN FOLK & HARD 
Hi!-- AN. ... MDO     5-3324761 MDO     5.33247B1 
Mf^V... ,... MO       5.4401159 MZ      5.4042358 
DISPERSION DO     0.8B159919 DI     0.94866645 
SKLHNESS.. AO     0.12209B0B SKI     0.20277657 
A20     0.53686491 
KLl-V.JSIS.. BO      0.90104592 KG      1.1780601 
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!•:>. 1 4.77BA 
3b. \ 5.24BA 
50.'•'. 5.B5BA 
Bt.% 6.35GA 
7b. 7. 6.69SA 
64. v. 7.02BA 
9b. % 7.532A 
NL^BER OF WEIGHT SAMPLES =  110 
FINAL SAMPLE WEIGHT *  1452. 
MOMENT MEA5URES ... 
Mi 5.752B553 SKEWNESS 0.21927315 
M; 1.45392G2 KURTOSIS 2.0335BB4 
K3 0.3B24B6B5 STD. DEV. 1.1997445 
Ms 4.2557745 
IN^AN FOLK & WARD 
MEDIAN... . MDD      5.B575783 MDO 5.B5757B3 
MEAN  . MO      5.B65B535 M2 5.72975IB 
DISPERSION DO      1.3604407 DI 1.2B79B90 
SM"*ESS. . AO     -0.1405-2843 
A20    -0.19523311 
SKI -0.13B93145 
KURTOSIS. . BO     0.42574117 KG 0.B2B1B2B7 







6b. % 5.404A 
7b.:: E.72BA 
B4.* 7.044A 
9[ . V. 7.527A 
NUMBER OF WEIGHT SAMPLES =  110 
FIN::- SAMPLE WEIGHT = 33EB. 
MOMENT MEASURES ... 
Ml 5.B5330B2 SKEWNESS 0.2B460B52 
M: 1.3037913 KURTOSIS 2.1943297 
M3 0.421574BB STD. DEV. '1.1361133 
M4 3.B9277B3 
INMAN FOLK & WARD 
MEDIAN... . MDO     5.9457111 MDO 5.9457111 
MEAN  . MO      5.793B540 MZ • 5.B44339B 
DISPERSION DO      1.249BB37 DI 1.1931313 
SKEwiCSS. . AO     -0.121G570B 
A20    -0.2351B959 
SKI -0.13821671 
KURTOSIS. . BO     0.50015974 KG 0.BB89BBG1 
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PHI SIZES AT PERCENT LEVELS CRUISE TT1B2 SAMPLE C3-2 
i.v. 3.5S0A 
s.y. 3.91BA 
1 €■■■'. 4.527A 
2i>.% 4.907A 
35. X 5.2B1A 
50. X 5.759A 
65. X B.214A 
7b. X 6.549A 
B4.X 6.S10A 
95. X 7.54BA 
NU"?-ER OF HEIGHT SAMPLES =  110 
FINAL SAMPLE HEIGHT = 27B0. 
MD^-ST MEASURES ... 
Mi 5.7592564 SKEWNESS    -0.3515B49BE-01 
M2 1.1913449 KURTOSIS      2.1719503 
M3 -0.454B6175E-01 STD. DEV.      1.0BB01B3 
M4 3.051B2B4 
IN-; AN FOLK & HARD 
MEDIAN.. .. MDO     5.75BBB54 HDD     5.75BBB54 
ME«N.... .. MO      5.71B1582 MZ      5.731733B 
DISPERSION DO      1.1S14B0E DI      1.1456164 
SKttfNESS .. AO    -0.34182530E-01 
A2d    -0.2342922BE-01 
SKI    -0.24780119E-01 
KURTOSIS ...BO     0.5235B401 KG     0.90621BB5 











NUMBER OF HEIGHT SAMPLES =  110 
FINAL ! 5AMPLE HEIGHT = 29B4. 
MOr.ENT MEASURES ... 
Ml 5.B542B1B SKEHNESS    -0.513483BBE-01 
M2 1.2941015 KURT0SI5      2.0611386 
M3 -0.75213B93E-01 STD. DEV.      1.131BB36 
M4 3.4172BB3 
INhAN FOLK & HARD 
MEDIAN, ... MDO     5.6793933 HDD     5.6793933 
MEAN...  MO      5.5B6445B MZ      5.61742B3 
DISPERSION DO      1.27527B9 DI      1.19BB772 
SKEWNESS.. AO    -0.72BB4157E-01 SKI    -0.57916757E-01 
A20    -0.6Z375452E-01 
KUR105IS.. BO     0.45230243 KG     0.66347592 
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B«. :•. 7.10BA 
3b.7. 7.B22A 
NL'hBER OF HEIGHT SAMPLES =  110 
FiNAL ! SAMPLE WEIGHT = 3121. 
Mi>-.NT MEASURES ... 
Ml 5.B3452B2 SKEWNESS     -0.1BB04505E-02 
MZ 1.B4B4S44 KURTOSIS      1.BBBB250 
M3 -0.353BS506E-02 STD. DEV.      1.2775012 
HA 5.027B0B7 
lh"AH FOLK & HARD 
ML;.IAN. ... MDD     5.645BB64 MDO     5.64588B4 
ME*-" ... .... MO      5.B157BB0 M2      5.625B073 
DIVERSION DO      1.4921572 DI      1.35B54B0 
SKEWNESS.. AO    -0.201B4511E-01 SKI    -0.1BB73297E-01 
A20    -0.258704B3E-01 
KU"OSIS.. BO     0.3500B720 KG     0.76BB20B7 
PHI SIZES AT PERCENT LEVELS CRUISE WB101A SAMPLE C2-3 J.v, 3.465A 
5.X 3.69BA 
16.7. 4.257A 
2b. X 4.675A 




84. X B.955A 
95.X 7.57BA 
NL'IBER OF HEIGHT SAMPLES =  110 
F1NA_ « SAMPLE WEIGHT = 25B9. 
MOMENT MEASURES ... 
Ml 5.6593914 SKEWNESS     -0.17276725E-01 
M2 1.4246182 KURTOSIS      2.01BB4BS 
M3 -0.292298B3E-01 STD. DEV.      1.1875908 
M4 4.0563550 
INMAN FOLK & WARD 
MEDIAN. .... MDO     5.6732B93 HDD     5.E73ZB93 
H££N.■. ...MO      5.606063B HZ      5.6284719 
DISPERSION DO      1.34BS2B3 DI      1.2619B09 
SKEWNESS.. AO    -0.49836271E-01 SKI    -0.3422315BE-01 
A20    -0.2674B173E-01 
KURTOSIS.. BO     0.43729743 KG     0.85047770 
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25. v. 5.160A 
3^.;: 5.4G0A 
50.7. 5.B90A 
Be-., t B.310A 
7b. X 6.606A 
8«.X B.940A 
9f..X 7.5B0A 
NUMBER OF WEIGHT SAMPLES =      110 
FINAL SAMPLE WEIGHT =    ZB10. 
MOMENT MEASURES  ... 
Ml 5.89BB072 SKEWNESS            -O.B727B4B2E-01 
MI 1.03B3603 KURTOSIS                2.3128643 
M3 -0.70B2521BE-01 STD.  DEV.               1.012914S 
Mi 2.4592731 
IN1AN FOLK  & WARD 
MpiAN. ....  MDO              5.B902712 MDO              5.8902712 
Mt£'.. •. ....  MO                5.8B03172 MZ               .5.8703022 
DIVERSION DO                 1.07979B7 DI                 1.06172B7 
Sf.LwNESS..  AO            -0.27740315E-01 SKI          -0.23207050E-01 
AI'O          -0.29780500E-01 
KU--0SI5..  BO              0.594775B0 KG              0.97639B94 









84.X   . 6.B00A 
35. X 7.537A 
NUMBER OF WEIGHT SAMPLES =      110 
FINAL SAMPLE WEIGHT =    2741. 
MOMENT MEASURES  ... 
Ml 5.4241BB1 SKEWNESS              0.19628936 
M2 1.50703B8 KURTOSIS                2.0595720 
M3 0.36132672 STD.  DEV.               1.2214B07 
M4 4.630B403 
INMAN FOLK & WARD 
MEDIAN.. .. TOO              5.3237B5B MDO              5.3237B5B 
MEA'»... • ..  MO                5.4001131 MZ                5.374B643 
DISPERSION DO                1.3995018 DI                 1.3032B95 
Sf.EWNESE !..  AO              0.54553237E-01 
A20            0.15843171 
SKI             0.B293961OE-O1 
KURTOSIS :..  BO              0.42313322 KG              0.B5083020 
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F'».; SIZES AT PERCENT LEVELS CRUISE W801A SAMPLE Cl-4 
1."'     3.3E2A 
5.>.     3.510A 
16."'.     3.906A 
2F-.7.     4.206A 
35. >.     4.494A 
50. :<     4.920A 
65.\     5.45'A 
75.%     5.933A 
81.-:     E.530A 
9S"     7.372A 
N'J"3ER OF WEIGHT SAMPLES =  110 
FINAL SAMPLE WEIGHT = 3061. 
MOMENT MEASURES ... 
Ml       5.1571183 SKEWNESS     ( 3.52174B13 
MI       1.4001428 KURTOSIS 2.3407B9B 
MZ->     O.BBO07E31 STD. DEV. 1.1773450 
M~       4.5429554 
INMN FOLK & WARD 
HE; AN MDD 4.919S96B MDD 4.919e9EG 
MCAN  MO 5.21E1449 M2 5.1187291 
DIVERSION DO 1.3122BB4 Dl 1.2412372 
SKWNESS.. AO 0.22727378 SKI 0.24950497 
A20     0 I.396B7160 
KIFT05IS.. BO 0.47133270 KG 0.91612762 
Phi   SIZES AT PERCENT • LEVELS CRUISE WS101A SAMPLE C2-4 
1.";     3.406A 
5.7.     3.5B9A 
16.X     4.02BA 
25. V.     4.335A 
35.X     4.BBGA 
50.X    5.256A 
65.X     5.9B0A 
75.*/.     B.54BA 
B4.X     7.053A * 
95.X     7.5B7A 
NU1BER OF WEIGHT SAMPLES =  110 
FINAL SAMPLE WEIGHT = 255B. 
MOMENT MEASURES ... . 
Ml      5.45B72B5 SKEWNESS     < D.25416020 
M2      1.BB34B73 KURTOSIS 1.B4BB35B 
M3     0.5523B253 STD. DEV. "1.2909889 
M4      5.1B7441B 
INMAN FOLK ft WARD 
MEDIAN.... HDD 5.25B3753 MDO 5.2563753 
MEAN MO 5.539B070 HZ S.445196B 
DISPERSION DO 1.5138364 DI 1.3B2717B 
SKEWNESS.. AO 0.18709534 SKI 0.17B49B74 
A20     0 .21908S57 
KURTOSIS.. BO 0.32057723 KG 0.7412915B 
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35. X 4.706A 
50.x 5.226A 
65. X 5.B01A 
75. X B.204A 
B4.V 6.5BBA 
95. X 7.330A 
NUMBER OF WEIGHT SAMPLES =  110 
FIN-'-. SAMPLE WEIGHT = 2447. 
MD-.ENT MEASURES ... 
Mi 5.34097B7 SKEWNESB     0.244B0222 
M2 1.32BB7B2 KURTOSIS      2.094BB34 
M3 0.3719B430 STD. DEV.      1.14B12B1 
h4 3.65099B1 
IN^AN FOLK & WARD 
REMAN... . MDO 5.22B1B15 MDO     5.22E1B15 
MEAN  . MO 5.31B4BO0 MZ      5.2B77007 
DISPERSION DO 1.26S447B DI       1.19B0B03 
SKtHNESS. . AO 0.72B9182BE-01 SKI     0.10215SB2 
A20    C MS275B43 
KUnTOSIS. . BO 0.4B447614 KG     0.82990271 
PHI SIZES AT PERCENT LEVELS CRUISE WB201A SAMPLE C4-4 
1.7 3.337A 
5.7. 3.50BA 








NU"i?.ER OF WEIGHT SAMPLES =  110 
FINAL SAMPLE WEIGHT = 21B7. 
MDKENT MEASURES ... 
Ml 5.3433971 5KEWNESS     0.3403B234 
M2 1.B412B55 KURTOSIS      1.8281560 
M3 0.B4B1BBBB STD. DEV.     1.3501379 
M4 B.1360750 
INMAN FOLK ft WARD 
MEDIAN... . MDO 5.0B1403B MDO     5.O61403B 
MEAN  . MO 5.4662519 HZ      5.3313026 
DISPERSION DO 1.6006608 DI      1.4225602 
SKEu-NESS. . AO 0.25292560 SKI     0.24B12761 
A20    C >.31214786 
KIFTOSIS. . BO 0.2B2B1915 KG     0.71B63240 
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Pu: SIZES AT PERCENT LEVELS CRUISE W8010A SAMPLE Cl-5 
1.7, 3.3B1A 
5.*/, 3.653A 
IE. •' 4.19BA 
2b.X 4.525A 




84. X B.5B5A 
SI. t 7.431A 
HOSIER  OF HEIGHT SAMPLES =  110 
FINAL SAMPLE WEIGHT = 2954. 
M0».--.T MEASURES ... 
Mi 5.3867202 SKEWNESS     0.30751729 
M: 1.2463994 KURTDSIS       2.33B5B44 
MJ 0.42607540 STD. DEV.      1.1110938 
M4 3.6001511 
IN'.'iN FOLK & WARD 
MLMAN... . MDD 5.2509299 MDO     5.2509289 
. MO 5.3917709 MZ      5.344B23B 
DISPERSION DO 1.1934649 DI      1.1691929 
SK'^NESS. . AO 0.11901099 SKI     0.13705915 
A20     C I.24666B53 
KIPTOSIS. . BO 0.5B01215B KG     0.95364654 











NUMBER OF WEIGHT SAMPLES =  110 
FINAL SAMPLE WEIGHT = 29B3. 
HOnFMT MEASURES ... • 
Ml 5.712B124 SKEWNESS     0.14257B11 
M2 1.1106499 KURTOSIS      2.0B80024 
M3 0.1B604B97 STD. DEV.      1.0485911 
M4 2.549BB4B 
IN^AN FOLK ft WARD 
HLDiAN... . MDO 5.B459B70 MDO     5.6459670 
MEAN  . HO 5.6638093 MZ      5.6711955 
DISPERSION DO 1.1446064 DI      1.0942900 
SKEWNESS. . AO 0.330613B9E-01 SKI     0.5B7925B4E-01 
A20    0 M2720267 
KLRT05IS. . BO 0.50493366 KG     0.65423291 
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Pti.   SIZES AT PERCENT LEVELS CRUISE TT1B2 SAMPLE C3-5 
l.i 3.5B8A 
5.'/. 3.9G2A 
if */. 4.447A 
2.s. v 4.700A 
3S V. 4.951A 
50, X 5.357A 
B5.X 5.B37A 
7b. 7. B.199A 
B4. X G.G3SA 
9?.. */. 7.39BA 
NU*3ER OF WEIGHT SAMPLES =      110 
FiNAL SAMPLE WEIGHT =    3123. 
HD-.ENT MEASURES  ... 
Mi 5.512B951 SKEWNESS              0.361BB394 
M: 1.0792521 KURTOSIS                2.3B3B34S 
K:- 0.403E3927 STD.  DEV.               1.033SB32 
M4 2.74B3BB5 
I MAN FOLK & WARD 
MiI'IAN... .  MDD              5.35BEB1B MDO              5.356BB1B 
.  MO                 5.5412731 MZ                5.47973B3 
DIVERSION DO                1.0944111 DI                 1.0B7BB13 
SMWNESS. .  AO              0.1BBBB553 
A20            0.29547307 
SKI            0.17B445B5 
KU'~JSIS. .  BO              0.5B9943B7 KG              0.9391939S 
PIIISIZE5 AT  PERCENT  LEVELS CRUISE WB201A SAMPLE C4-5 
l.v. 3.580A 
ito um 




7b. X 6.190A 
84.X B.631A 
95.' 7.2BBA 
NU'1-.ER OF WEIGHT SAMPLES = 
FINAL SAMPLE WEIGHT =    3337. 
110 
HDMLNT MEASURES 
Ml                 5.42509B4 SKEWNESS 0.34929481 
M2                 1.1429137 KURTOSIS 2.2313533 
M3              0.424B4BB5 STD. DEV. '1.0637127 
M4                2.BB55B29 
INMAN FOLK & WARD 
MEDIAN....  MDO              5.257B573 MDO 5.257B573 
MEAN MO                5.4B13333 MZ 5.3935084 
DISPERSION DO                1.1700521 DI 1.1064724 
SKLWNESS..  AO              0.17390333 SKI 0.17631640 
A20            0.2B2B5395 
KURTOSIS..  BO              0.470BB071 KG 0.B6442125 
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NUMBER OF WEIGHT SAMPLES =  110 
FINAL SAMPLE WEIGHT = 2950. 
MOMENT MEASURES ... 
Ml 5.3554206 SKEWNESS     0.50524B70 
MI 1.15E3690 KURTOSIS      2.5605552 
M2> 0.E2512332 STD. DEV.      1.0B99557 
M4 3.383706B 
IN1AN FOLK A WARD 
MLl'IAN... . MDO 5.1BB2439 MDO     5.1BB2439 
. MO 5.37B3B03 M2      5.3149BB1 
DJ:.. IRS I ON DO 1.1275237 DI      1.1221194 
SKEWNESS. . AO 0.16BB1412 SKI     0.19719313 
A20     C 1.36895299 
KU'-OSIS. . BO 0.63418305 KG       1.0500792 




2b - X 4.274A 




84. •/. B.212A 
91'.:', 7.013A 
NUMBER OF WEIGHT SAMPLES =  110 
FINAL SAMPLE WEIGHT = 2961. 
MDI-ENT MEASURES ... t 
Ml 5.10490B5 SKEWNESS     0.551B0502 
Ml 1.0440359 KURTOSIS      2.5361199 
M3 0.5B570164 STD. DEV.     -1.0166590 
M4 Z.7367547 
INMAN FOLK & WARD 
HEPiAN... . MDO 4.9280715 MDO     4.9280715 
MEw • . HO 5.1118436 HZ      5.0505B62 
DISPERSION DO 1.1000054 DI      1.055B723 
NEWNESS. . AO 0.16706471 SKI     0.2080B071 
A20    C 1.37802944 
KURTOSIS. . BO 0.51760125 KG     0.91979271 
169 
APPENDIX 4B   (continued) 
PiiJ  SIZES AT PERCENT'LEVELS' CRUISE TT1B2 SAMPLE C3-B l.y            3.559A 
5.'/.     3.793A 
If.-'     4.274A 
2b. X            4.572A 
3b.X            4.851A 
50.X     5.236A * 
Bb.X     5.672A 
lb. 7.            6.06GA 
B4.K     B.564A 
95.7.             7.3B3A i 
NUMBER OF HEIGHT SAMPLES =  110 
FINAL SAMPLE HEIGHT » 315B. 
MO* TT MEASURES ... 
MI      5.390B010 SKEUNESS     i 0.40880546 
M2      1.1281201 i KURTOSIS 2.4206686 
M3      0.48737949 STD. DEV. 1.056B0B0 
M4       3.049B6BB 
INMAN FOLK ft HARD 
ME! ..IN.... MDO 5.235BBB1 MDO 5.235BB61 
ME HN HO 5.41B96B2 MZ 5.3579345 
DISPERSION DO 1.1445725 DI 1.1132510 
SKHNESS.. AO 0.159B7425 SKI 0.175B598B 
A20    0.2990B440 
KURTOSIS.. BO 0.55969441 KG 0.97942054 
PHI SIZES AT PERCENT LEVELS CRUISE U8201A SAMPLE C4-6 
l.V,     3.470A 
5.*'     3.670A 
IE.'.',     4.125A 
2b.X             4.4Z3A 
3b.X            4.70BA 
50.7.            5.113A 
65.X     5.570A 
75.X     5.921A 
81. X            B.322A 
9b.1            7.410A 
NUMBER OF HEIGHT SAMPLES =  110 
FINAL SAMPLE HEIGHT r 3000. 
MOMENT MEASURES ... , 
Ml      5.2B759B2 SKEHNESS     i 0.52927750 
M2      1.1B48B3B KURTOSIS 2.6842611 
M3     0.G7S226B4 STD. DEV. -1.0830674 
M4      3.730BB22 
INMAN FOLK & HARD 
MEDIAN.... MDO 5.1129B80 MDO 5.1129880 
MEAN MO 5.2232442 HZ 5.1B64S20 
DISPERSION DO 1.0382692 DI 1.1198011 
SKCWNESS.. AO 0.10039087 SKI 0.16444656 
A20    0.389065B3 
KURTOSIS.. BO 0.70267B3B KG 1.0235368 
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25, X 4.140A 
3b.y. 4.35BA 
50.7. 4.71BA 
Bb. 7. 5.157A 
7b.'/. 5.554A 
84.7. 6.07BA 
91. V. 7.345A 
NUMBER OF WEIGHT SAMPLES =      110 
FINAL SAMPLE MEIGHT *    2757. 
MO.ENT MEASURES  ... 
Ml 4.99B94B2 SKEWNESS 0.92032427 
M2 1.1795043 KURTOSIS 3.1190BB9 
M3 1.1730263 STD.  DEM. 1.0906060 
M4 4.2959771 
INr./.N FOLK & HARD 
MLMAN... .  MDO 4.7184925 MDO 4.71B4925 
MEA-J  .  MO 5.011B7B7 MZ 4.3139500 
DIVERSION DO 1.0647217 DI 1.0903159 
SMWNESS. .  AO 




KUr.TOSIS. .  BO 0.72932667 KG 1.0667710 











NUMBER OF MEIGHT SAMPLES «=      110 
FINAL ! SAMPLE WEIGHT =    2879. 
MOMENT MEASURES ... • 
Ml 5.05B5604 SKEWNESS              0.765448B7 
MZ 1.1084191 KURTOSIS                2.BB21B14 
M3 0.B8B77088 STD.  DEV.              1.0475376 
M4 3.5056176 
INMAN FOLK & WARD 
MEDIAN, .... MDO 4.8351927 MDO              4.B351S27 
5.0602450 MZ                4.9B52276 
DISPERSION DO 1.0797254 DI                 1.0700687 
SKtWNESS..  AO 0.208434B1 SKI            0.27534810 
A20            C ).55462980 
KUPTOSIS..  BO 0.6204B602 KG              0.99670714 
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PH; SIZES AT PERCENT LEVELS CRUISE TT1B2 SAMPLE C3-7 l.v. 3.584A 
5.-'. 3.755A 
1S-X 4.101A 




7t>. X 5.B62A 
B4.X 6.345A 
9&.X 7.205A 
NLK-.JER DF HEIGHT SAMPLES =  110 
FINAL i SAMPLE WEIGHT = 30S1. 
MOhf. NT MEASURES ... 
Ml 5.2093B11 SKEWNESS     0.57104B92 
M? 1.10917B1 KURTOSIS      2.52733BB 
M3 0.BB373211 STD. DEV.      1.047B3B1 
M4 3.07B22B5 
IN^MN FOLK & WARD 
MEDIAN, MDO 5.0150447 MDO     5.0150447 
MLAN.., MO 5.2227407 MZ      5.15350B7 
DISPERSION DO 1.1222067 DI      1.0838199 
SKEWNE55.. AO 0.18507B17 SKI     0.2Z72B141 
A20    0.41422972 
KU&T0S1S.. BO 0.53711B2B KG     0.93679905 







65. X 5.260A 
75.X 5.670A 
B4.X 6.190A 
95. \ 7.11BA 
NUMBER OF WEIGHT SAMPLES =  110 
FINAL SAMPLE WEIGHT '    2959. 
MOMENT MEASURES ... 
Ml 5.0359564 SKEWNE5S     0.65831763 
MI 1.1440102 KURTOSIS      2.6535430 
M3 0.80148947 STD. DEV.     1.0642227 
M4 3.4381192 
IN1AN FOLK ft HARD 
MEDIAN... . MDO 4.B19B352 MDO     4.6138352 
MEAN..... . HO 5.0614204 MZ      4.8808922 
DISPERSION DO 1.1286917 DI      1.097742B 
SKCWNESS. . AO 0.21404008 SKI    0.Z59661SB 
A20    0.47671B16 
KURTOSIS. . BO 0.55951351 KG     0.96330011 
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PHI SIZES AT PERCENT LEVELS CRUISE H8010A SAMPLE Cl-8 l.V.     3.496A 
5.''     3.735A 
16.X     4.195A 
2b. X     4.484A 
3b.X            4.759A 
50.X     5.17BA 
6b.X     5.B64A 
7b.X    6.09BA 
84.'.     G.611A 
9!..-'     7.4BBA 
NUMBER DF HEIGHT SAMPLES =  110 
FIN^.L SAMPLE HEIGHT = 3IBB. 
MOMENT MEASURES ... 
Ml      5.3624144 SKEHNESS     0.44222367 
MI      1.243B992 KURTOSIS      2.3618407 
M3     O.B1043215 STD. DEV.      1.1097118 
M4      3.617B9B8 
INr.AN FOLK & HARD 
MEDIAN MDO     5.175B780 MDO     5.1758780 
Mt^N MO      5.4029212 MZ      5.3272405 
DISPERSION DO      1.2075951 DI      1.1691432 
SKU'NESS.. AO     0.1B801264 SKI     0.20781346 
A20    0.351G4633 
KU-'TOSIS.. BO     0.54492211 KG     0.94763166 
PHI SIZES AT PERCENT LEVELS CRUISE U8101A SAMPLE C2-8 
l.X     3.790A 
5.X     3.954A 
1S.X     4.34BA 
25.X     4.B14A 
3b.X     4.B65A 
50.X     5.234A 
6b.X     5.673A 
75.X    B.085A 
84.X     B.527A 
95.X     7.434A 
NUMBER OF HEIGHT SAMPLES *  110 
FINAL SAMPLE HEIGHT = 27B3. 
MOr.-^NT MEASURES ... 
Ml      5.4250689 SKEHNESS     0.54139864 
M2      1.0629710 KURTOSIS      2.5127180 
M3     0.590359B7 STD. DEV.     -1.0258368 
Ml      Z.B1074B7 
INMAN FOLK 1 HARD 
MEDIAN.... HDD     5.2338042 MDO     5.2338042 
MEAN' MO      5.4376345 MZ      5.3696914 
DISPERSION DO      1.0891778 DI      1.0717903 
SKEHNESS.. AO     0.1B714137 SKI     0.22576304 
A20    0.4223OB72 
KURTOSIS.. BO     0.59731919 KG     0.96928060 
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NLJ13ER OF WEIGHT SAMPLES = 
FINAL SAMPLE WEIGHT =    3451. 
MOMENT MEASURES ... 



































PHI SIZES AT PERCENT LEVELS 










NU1BER OF HEIGHT SAMPLES =      110 
FINAL SAMPLE WEIGHT «    2679. 
MOMENT MEASURES  ... 
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50. V. 5.140A 
Bb.'{ 5.557A 
lb.v. 5.946A 
84. X 6.43BA 
9<-.X 7.200A 
NU*."ER OF WEIGHT SAMPLES = 
FINAL SAMPLE WEIGHT = 29B6. 
MD'-NT MEASURES ... 







































PHI SIZES AT PERCENT LEVELS 







75.X     6.250A 
84.X     6.6BBA 
95.X     7.453A 
NU«.£;ER OF WEIGHT SAMPLES = 
FINAL SAMPLE WEIGHT = 33BB. 
MDl^NT HEASURES ... 
110 













SKEWNESS,..  AO 
A20 
























APPENDIX 4B   (continued) 
Phi  SIZES AT PERCENT LEVELS CRUISE TTT1G2 SAMPLE C3-9 
l.V.     3.641A 
5.7.     3.872A 
16.X     4.330A 
2b.X            4.63BA 
3t>.X     4.950A 
50.X    5.3BBA 
Bf-.X     5.821A 
75. X    6.1B9A 
B4.X     E.5B1A 
95. t     7.272A 
NUMBER DF WEIGHT SAMPLES =  110 
FINAL SAMPLE WEIGHT = 3020. 
M0>;INT MEASURES ... 
Mi      5.4B33999 SKEWNESS 0.27B40644 
Ml      1.074BGE1 KURT05IS 2.3040891 
MZ-      0.30BB0800 STD. DEV. 1.0314B47 
M4      2.B3439B7 
INi AN FOLK & WARD 
MEDIAN MDO     5.3B5B099 MDO 5.3B5B099 
MZ 5.4257197 
DISPERSION DO      1.1257997 DI 1.07B0302 
SKCWNESS.. AO     0.79B22600E-01 SKI 0.10047337 
A20     0.1B2B9451 
KUS"OSI5.. BO     0.50997573 KG 0.898179B3 
PN; SIZES AT PERCENT LEVELS CRUISE WB201A SAMPLE C4-9 
l.V;   - 3.5B4A 
5.7.     3.77BA 
IE.7.     4.170A 
2b.->             4.43BA 
35.X     4.724A 
50.X    5.153A 
65.X     5.639A 
75.7.     B.050A 
B4.X     B.519A 
95.7.     7.290A 
NU1BER OF WEIGHT SAMPLES =  110 
FINAL SAMPLE WEIGHT = 3305. 
MOr-ENT MEASURES ... 
Ml      5.32247B9 SKEWNESS     i 0.42844012 
MI"      1.1544451 KURT0SI5 2.2883952 
M3     0.52877104 STD. DEV. 1.0690653 
H4      3.0193453 
INMAN FOLK & WARD 
ME MAN.... MDO     5.1525793 MDO 5.1525793 
MEAN HO      5.3444529 MZ 5.2B04952 
DISPERSION DO      1.1743569 DI 1.1192873 
Br.tWNESS.. AO     0.16338606 SKI 0.19031125 
A20    0.32482311 
KURTOSIS.. BO     0.49525157 KG 0.B9274299 
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25. v. 4.491A 
35.X 4.7B9A 




S^.X     7.184A 
NU1BER OF HEIGHT SAMPLES =  110 
FINAL SAMPLE HEIGHT = 3279. 
MO'.ENT MEASURES  ... 
















FOLK & HARD 
MEDIAN....   MDO 
MLA'   MO 
DIVERSION DO 
SKcMNESS..  AO 
A20 




























NUMZ.ER OF HEIGHT SAMPLES = 
FINAL SAMPLE HEIGHT *    3157. 
MOMLKT MEASURES ... 
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NUMBER OF HEIGHT SAMPLES = 
F1NSL SAMPLE HEIGHT = 3352. 
MD*:«<T MEASURES ... 






































PHISIZES AT PERCENT LEVELS 







75.X     B.33BA 
64.X     6.756A 
95.X     7.416A 
NU^ER OF HEIGHT SAMPLES = 
FINAL SAMPLE HEIGHT • 30B5. 
MOMENT MEASURES ... 





































R-MODE FACTOR ANALYSIS DATA 
(A) Factor coefficients 
SIZE ROTATED PHINCIPAL AXIS  FACTOR COEFFICIENTS 
fjm (0) FACTOR   1 FACTOR  2 FACTOR   3 FACTOR  4 
101.0 (3-3) 0.046 -0.112 0.577 -0.327 
94.7 (3.4) 0.154 -0.353 0.224 -0.605 
88.4 (3-5) 0.102 -0.463 0.247 -0.753 
85.3 (3.6) -0.081 -0.711 0.06? -0.508 
76.9 (3.7) -0.077 -0.865 -0.105 -0.276 
72.3 (3-6) -0.186 -0.935 -0.109 -0.093 
67.0 (3-9) -0.196 -0.932 -0.155 -0.030 
62.5 (4.0) -0.245 -0.920 -0.187 O.O36 
58.6 (4.1) -0.289 -0.895 -0.262 0.092 
5*t.3 (4.2) -0.310 -0.866 -0.303 0.157 
50.8 (Ml -0.409 -0.819 -0.331 0.175 0.174 47.1 -0.525 -0.728 -0.364 
44.2 C*.5) -0.648 -0.577 -O.36B 0.218 
41.2 (4.6) -0.757 -0.442 -0.364 0.215 
38.5 (4.7) -o.e4o -0.225 -0.367 O.178 
35.1 (4.8) -0.639 -0.074 -0.336 0.143 
33.5 (4.9) -O.869 0.155 -0.269 O.176 
31.3 (5.0) -0.875 0.314 -0.248 O.13O 
29.2 (5.D -0.833 0.444 -0.234 0.119 
27.2 (5.2) -0.7^8 0.539 -0.204 0.125 
25.^ (5-3) -0.647 0.669 -0.120 0.132 
23.7 (5.4) -O.586 o;764 -0.142 0.124 
22.1 (5-5) -0.463 0.837 -0.094 0.150 
20.6 (5.6) -0.320 0.865 -0.043 0.197 
19.2 (5-7) -0.117 0.927 0.009 0.168 
17-9 (5-6) 0.093 0.924 0.009 0.199 
16.7 (5-9) 0.339 0.861 0.028 0.242 
15.6 (6.0) 0.490 0.B09 0.062 0.170 
14.6 (6.1) 0.615 0.740 0.007 O.O98 
13.6 (6.2) 0.692 0.684 -0.001 0.096 
12.7 (6.3) 0.762 0.599 0.030 O.073 
11.8 (6.4) 0.826 0.500 
0.493 
0.050 0.037 
11.1 (6.5) 0.e33 -0.027 0.022 
10.4 (6.6) O.909 0.337 0.033 0.115 
9.7 (6.7) 0.900 0.317 . -0.029 0.090 
9.0 (6.6) Q.937 0.183 0.067 0.060 
6.4 (6.9) 0.926 0.139 0.135 0.054 
7.B (7.0) 0.904 0.145 0.236 0.030 
7.3 (7.1) 0.899 O.O36 0.338 -0.024 
6.6 (7.2) 0.871 0.093 0.350 -0.101 
6.3 {,7-?l (7.4) 0.773 0.033 0.489 -0.138 5.9 0.705 0.100 0.S00     . -0.214 
5o (7-5) 0.594 
0.443 
0.103 O.683 -0.140 
5.2 (7-6) 0.147 0.836 -0.137 
4.9 (7.7) 0.298 0.176 O.901 -0.083 
4.5 (7.8) 0.184 O.136 0.933 -0.002 
4.0 (7-9) 0.173 0.159 0.848 0.064 
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R-MODE FACTOR ANALYSIS DATA 
(B) Factor scores 
SAMPLE 
FACTOR SCORES 






































































































































































































POINT COUNT DATA 
SAMPLE 



































































































































































SIEVE AND PIPET DATA 
SAMPLE 





4 *,    3 0 
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